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oy o^lita-Bisn to Jh^o2* n.QurooJilt 11,Co., i^ii.a* (iKjuioicyaa), 
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r-ororciicoo iiJO 
wu^^JUl Gopia'atc melooure 
CiltU'Z. 
U<.J -4.uUt 2taA^ll#^«UUAlCM 
S o i l , i i l :o f i i l t l i , i o tii'j oubctoiioo of tlic Cliia^o 
Iioi^od f o r , tlio ovidoncc of thln^^o uot Doca. Souo tt;o ci^ iG 
w hJLf b i l l i o n yoOiSio Cio^ »Ci:u ois i t for fooa jnC clotiil-iu* 
.>i2C, b;,- Qjc Iti^t^o, i t aovGi? f o l i c , i l-rc ciiJ ti*c^'j, Ixro; i* c^ 
of iiji02T:Xi.GQ CUV3 iiioffioicuCT/, ni : i t^c^ i-lt;* i.'as." .lit. wo: t i -
loacu , w fou t i i l l iono i-oy c^e-ivo, ...i ot;*.ci' iaiiaitJx.o * y jo 
^j bed i;uii^LV tioro or loco ro^ 'ol i i r i^. vHio iJi-otUo'Clvo 
ca=.a,oity of "^ iiG larwS ao a uliolo, i;ouovox*, ii. fur c^ca'&cs' 
tlji-:ri I r I'ci^uircC to fucii : ^ 1 1;:io tcojlu ou c.a*t;a. 
.)OVOs?tIiolui.c, t'lu *^iltjiuoi-.:a - r l a c i j i c tJ-L-.t '^O •JIL,-
t;ior. i c :.o_')ti anr'O'i.' c x i t e o l b -^ £i^Mi(jf •*G\:tilcuoc, ai;* t^j? 
c t i l i an licG ovoi* c lui'tjO p^L't ii£ tJac c-^t^Li. At s-ci— -^.u 
to he CvOtQiriJinyd i.UctaGv t**ic i.5«'inci*.''lo CJU bo jo iv .4i.,titl^ 
n o t COiCc b j ' iJ.in tili.'OUcJi t i lC C : . . l iOO.t l ,C3 OA t l iO CCiC-lCOC 
•t -iin coLz::-2itI. 
;-*^ o;i t.:-',t tl^c^ .ii'wOtlct'il )iOc.^ai.'.^, iibaut i'*-.JJ iJ»C« AiiO 
»:.:/ t »; *-.oi.v^ i;j w.'lt-lJoC j . w^.r^, hi,,a ut-^iu:^.a La ti.v .Ui'. **it 
ii^' i>ati;l-iLt ncr io t l , tiic OiOncrai pr inc lx j ic : : o r v^xiouu u ^ ' i c u l -
1>jsz:.l o.o->/»,i.>.i^. uUCii aL ,,'loi:_iii jp LOVJ&-^^, i r i - i i^ - i t iua , e t c . , 
ooo^Oi-L'tiVQ tz.rciiiic coe«;; t o li^vo bcca li i vot^uo i u t i iocc t J ^ o j * 
^ ':tijlo Xic^i'i. t;a::li*:j Cioro i n t c i s J t i u tr.;. ctuiiy of cciciiCc i n 
.^a^o„c,L.i a t l o i . . t L-xL iu..Uu tu a. l y t i ic Imot-lctl^o oi"" p i ^ - i c a l 
e i r^ iccc , c- c c i : l l y o i ic^ i j t i -y , t o t : i r it-^Ji-ovci-'j^^t OA >i_^ACtil~ 
-CluiCL . o r e tl;GaB S\j^- t i o Tiirct t i u o , u i l i o L ^o i rJ!.ct'.iI.u*c, 
ii.' o.-.'t iicu o2 ••iiiyLicjA i.ro_CLt;icy a.C r j i i t . i a y i : j i t ^ro'./L..» 
C:J. cc l ,.-2,y t l o i r i.'w'l i t ia i i t o \ . -Xur, _ i r cii a_..,t;« 2n -tliQ 
ivi2^ vUifi lilij-L.'t. i;* /iLcvicQ Aor t ac r cztcaacC. ti*o:.c c tud ic : . i a 
::'a -'.tt.. -o tu um.\-v;.i t ao r c l a l i a i b e t . ocn ^i^^iiCwl :)^u. ;j4.'oiCw 
T'lu ;i'Owlc-. of Dil X c i i i l i t ^ to'jli ;i act. "lUia v.ltn Ui.-
f/u"^ ,^.1' t L CL»li(>iC.i i t'-!.:.' o r .v:li ,-.t tjuo cr.<'' O- t u o l a : t 
;•.! I*'-' ;-e_ir 1 ' , 0*^  ti-.r ^.rc-iit centalj» liie x'Cvu&l^ticn 
tr. t 3X3. 4 j j l l w i r ; j . z'lXclc>. v.r^c ,^otU'''lii' c, iut^j.llii.L i a 
BtT^clurc ; , i -1 tjf n l i •. .^ i .i .-L'-.^C i 'LVciuti;Hi:. ..* avu. ivC .:. 
i c \ i«"'l. *"'J,- i ul( o l t r . ' t Qi* .• " li'.Lvl i 1.,- '.^.liit. .-t; ul' 
3 
lilul.L>i^lCL.l bcli,iViofeSi? ©:».' t--0 roil vac obt. IAQC. .^-JLiiiy *!."-.-> tliw 
utilit>.i ' i .^a i'Oii,^ OA vio.; , v ia ,» fo r ol)U:ajUiiia^ oi.,^c~* <:.^ C 
:„cicaco::. 'jiuoH /^i ^jio u l t i tx i to ;)urtlfica*tiun To-* c o i l i?oi:cai.'Cii 
-vUl. t o L! Vi.lC ' J -^w I J I C U - ^ i « . uC \l t o i4../-*0VU t l iC c o i l QQiMlli^jJL. 
t h - t inCi'C^LOi] Ci-o.3 ^'icltlc i t u ii: rcal l - .cJ tli:.t ;,,,;:/ jiDbleuu 
i I ijoil JcicTiCJ uuwt too ctiiui^cl wltli 1st 4^3^ ;^ Ci -cut t'ofL^'juco 
to tutii a _oct» Siin nov; a; ..roacti h. w ,iUt. u^Lo ^ -cu t i trii. 'oc 
i a Uiirolfi.i_ t.'io Lv.lriCiiCiQZ o l c o i i bcll>^viJUl' uaf _:l:-3it uut; i -
t i J a , :iiit? i n oluCit;.:.tir4; cuvcr. 1 pl*cr,Gr o^ o o i l jrobicJi:: ao t 
€13^ 2,' OA AUii(3_ij;ntal but IJI-O OA ^.racticJL V.TIUO. 
L'jil n':^ be Cci'Ir'Ci .^ IL; a n a t u r i l body oX u inc ru l ^^" 
Oj*C^mc cu ; ,ti*lac:i':r c2ii'rci-i.ati::t2u i'.ito IiOri:;oa^. . .iica «Zi.._j-' 
anoiio tuCi-ccAv:;^ -yj. t ;oil U3 froi-i tUo lAadcriyla^ u"-!,turiai i u 
uoi:'„,uoloi:i,, ii^  Jic.J. .^hv up, cucaiic i cc*-i,.Owiti-jn, ;:n"v: b i o l o -
iicrl elt: J.*-ctc.oticr. I t io c^ tii.^oc ii£ticn:.iOii-i -^^ .^/a-iiCf 
a.i.tiLu' -X bo y , oc«,»jL,vi:i^ o** tiio ctirrcco or t*io u ^ t i u 
iiro ifii^ ::,rcc!:i-.ic;; - o i i car.i,ijt_ o» lour cari-.^iOaciitJ 
;2-_^.?ly, ;!i-cv 1 ui. t ' J i ' i a l , c / j ~*io ^J i t ta r , i.^t^ ' .:^^ JAL-, a l l 
.i,vc::i3t i*i .'„ i'I..o ct:^tc oi t al)*OiviDica cjx^ l i t iL ia to ly ai; i a» 
«^ i; o;'.. -:i.c ij-tt,L • i.: c lo oX tl-k Tivc cu-ai lOnjat. o^ . t':i* coi l# 
I t vr.i X.:: :?-JX';- i i y in tiie foiru or iio:.: \'-- •. C .v-v cal;^ared 
n O'.'JOt l'ji...ert 6y t ic lj.l.,.v:;i3:Ii\. oJ ll,j^Ly.. lu ,_,'rutr'I,.t;, 
X-V iraf'uot bs^id.cs bei:i-; rt3;;^-oi i b l e iu.. i t : , f u x ' t i i i t y , ,.iVu 
tkv c o i l i t . ' -tcl i c Ljau QoXliji6.SL i2t)!.o-?feio3* i^mX tuca v.© 
huvc t.^e coc t inpo.vtatit a^ iC ye t lili^iiy intri^^uia;; co j ic t l tuca t , 
t-io ijlay. '^oX u o t t c r , to viiioij uor-t of tiio COEI_.1 02:1 t i e r ccr.o-
cLiic$ \.ltU coil i . tvccti / j^tioac QL'C ^.tt-.J-butcfl, 
5!hi o i a o r a l Lut tor coaoioli. o£ :>art;ioi.o£j o* v.^t-^iatj 
u iaoc, tlioco i a tho f l a c r : .tatoo Oi^  Lu*o»dtvicioa (<C. 0,002 i-i«; 
uciii ly or :.'ock dubi-lQ. Sio clts^/ £ruoti^ii i:- cpoc lo i iy iiii;,or'i;,ji*t 
l?ceauco lb conXorc coXloici l nro^cr t ioo on t ao co l i c CMH 
COJitS-'ol:: i t c many -j.-oot^ . "l^cc, I t c clicidcJL co*:C"&lt:ucatL i^-c 
ollicc-t ulujiiia::. tJiiJ: unler tocotiiJj.* \.1C* c t u l i qa; :a t iCic . oi' 
i r o a , alli '^lio :in.^  i l t o l l a o cas'fcuu* In troiiCvii c l i n a t c o , Iraii 
tii-wS wliO ^z-cator p-xt o£ the cl-^y r r c c t i c n . STJio oltlci* coiiCOjC: 
•fei*.>,t o l -^ ;>'iitiolcc Oi'O aoio or l 0 2 j CiLcvio.-l Iioc ao:: been 
i.'w }l^c«jtl i>if j^ ucuor Oiio. I t ID now v^oll cctc'clli liod tliiit 
tiaC p-~*ti«loo Uore Ic'ioirctafi, t l ia t i c , D-ILC tip oi li:^^crc of 
j i a t c ! Ox* i l a a C ) , tat. inClvitiu'il OIBC en . 0111^ .0 v^CiJcnt'iii^ a o n 
taoii* iiiint 'ralJijlo'^ Oi'tTJ*! utioi: caiC tLc coutiltifc/OC i a Li^lcli 
tl'f^' h'iv 1 t 'uvulo-ea, y«j.» LaziD'jon-.1 b luucc , x-otlc or ;Cla£f ;^  • 
ilxttjtiiaivo ::tudic;w by x-ray t ' i f lr^otiwii i^ a,itw-i.'x.Li '^  
^lu otfi'jt' aetuodu l i i s j e lec t ron iJLcrowCOtjy^, 2-A» , D. 'A.A, 
„ t c . , vCuvM iaown tiiat olayc aro c r ^ c t - l l i a u i a ix-lax^j juiC v.a.v 
CJu>:o:-.0'-' oi* .single duilflii^.^ uaitw v;It;: Cc^lnliit: j^jaci^d i'.u'^i-
j^^ ^uv t^o i a 1«iu Ci-y t.^i i a t t i c ^ ' . Ilia L-i> ,^.iu baiiCl.-_j tlj^n. U; 
o- t*.'. c l .y luiiicr-i ^.G tvij L'iiacji«iw 1 ui' .^ or t-iiicwn-
t2-hjxe'. itn«ox;/-^c;n-iiytlro:^ifl ootalio< r a . In c l ^ miaeral . . ouch 
Liicoto ol" to'lrahoc'ra uni ootaiiedra arc c.\iiQ^iujO',GC: i n Ci££c:ZL^t 
Ti'L^an^ C!1JO dUToA-O-co i n tiic ^ruiie.:,*l-i(jo or vnrisuD c l t ^ c 
i . iio.. bull'jved to €i<irQnt. on tho cpuclol arrcniiciaeat oi^  tliooa 
usiltc isi tuic crj/ctul l ; ^ t l i co . Tho otr^ictna.c o* t.:u COLLM^ OII 
cl.:y iiiinci'iilc aavo been detcjsx»iinca l a conaitluriibio tictuil Ijy 
:IUL:OI*OUO i nvco t l c - to ro t)acoci o^ i the i}enci.alloa\.loUL of i 'ualiiii;. 
2?i;u u t ruo tu ro l un i t e -iro involvoQ lii tiio Qtoaic i a t t i c o of 
noDt of tiio clay o i n c r a l o . (Zho ;fii'Ot c-nDiotc of a o i l ioon 
to:;r.iic>."toi: in ^Jtlcii a, o i l i con atom io oqtti<aiDt3it frou four 
oi^yOao or iiyfirosylc i f aoodofl to baloaco t:;G otruct-uro« tliO 
s i l i c o n hcLic i ^ tho ccatJ'O (0-0 dictcnco 2,55A**; unit; t l i ick-
acco 4.95A°), Stho cccoad u n i t coacicto of t^-o oiicoto of 
clOLcly ac^iofi 0!i;y,;cri o- Iiyi^ -^*oi:yiL. i a ..^iioa / J , Fe o. i i j 
utoiir Qi*c ciibodt'od in octalictiral ooui'tlin-itica so tHat tuey ai-o 
oial2iL;t jnt froci uiE o:^;jen or WIK iv<l^'0*->le (0»0 dl ' , tuac0 
2.50A**| GIl-UH aic taaco 2,94A°; u n i t tliio^ui^cs 5.05A°). Combi-
an t ion of tlioso ctmctiu. ' il u n i t s (hoIG by c^itiiiiical foi.'Ctjs) 
x.ltii J3o::^ifiC-:ti.ns, f i a u l l y ^ivo ri~.a to stx-uotara of tho 
c l li' iilnt.x.JLC t-'iat ^z*>j £omiC ir. tiic Colloid cij^y fr.^cticjie 
o*' . oiln (vido f l j a r e 2) 
aeac ra i ly .•ps^M.x. taro© ^roupu of cl-^j,' miu-r^ilt re 
dir.triUutiifd in a^.turu altJQiou^ a few loae faEti l iar OiiOS a r e 
Hi .0 knctvn tu Qxlct. Xhej^ ax*t i l> i i ao l in i t e ( i i i a o u t u o r i -
l l o n i 0 and C i i i ) i l l i t e . 
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Alumina' Sheet 
. ^ A i f e ^ - S l f i ^ 
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C r y s t a l u n i t 
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little or no adsorption 
crystal unit 
C 
1 (a) Diagramati'c edge view of k a o l i n i t e showing two complete 
layerSf the r e spec t ive c r y s t a l un i t s are bound to eatch 
other t i gh t ly hy an ox^gen-hydroxyl l inkage , thereby 
giving a r e s t r i c t e d ana non-expending l a t t i c e , t h e adsor-
p,.^^. .r^^—.^.^^—^^ p t ive capaci ty i s l imited 
I i i ' , . 
! : ! : 1 (c) 
S i 203 
(OH) 
(OH) 3 
_ | ^ a i g a _ ^ g e e ^ 
j^jjaBa^na (gheg^ 
S i l i c a s h e e t 
51205 









0-. O^  
riumma sheet 
Silicn sheet 
i * ^ ^ 1 — I 1 — 
Cryst-
) a l 
u n i t 
9.3A 
I l l i t e has the aame 
r ene ra l s t r u c t u r a l orga-
n i z a t i o n as montaor i l lo -
n i t e except in- respect-
to the. l inkages between 
the c y s t a l uni t here 
a%fim& supply add i t i ona l 
connecting l inkages 
between the d y s t a l u n i t s , 
thus supplementing the 
oxygen bonding,the expen-
sion i s shapely lassened 
ty k l inkages and adsorp-
t i v e capaci ty of the-clay 
lowered 
•111^ i ^ i r f ' i r f ' ^ ^ ^Distance v a r i a b l e i n t e r -
"l^ nal adsorpt ive surfaces 
1 (h) Diagramatic'edge view of montmorillonite showing two 
complete l a y e r s , '^ 'he respec t ive c r y s t a l u n i t s are loosely 
bound to one another by v.eak oxygen l inkages which allow 
vide e:r-)Cn3ion of the l a t t i c e . IRiere i s high i n t e r n a l 
adsorpt ive of wcter end c a t i o n s . 
SJUO Usise Isuoiiiiite tor trio •mlacrcl ot: kj.olla* ITCJL; 
i^irct cu4,:jc,:tod by Jotocua unci Blako' in 1u67» Siono ur© 
IiyfiA,ou-. rluiaioluy LillO'-t©c of tiio aprrroni'matQ comjKJoition 
AlgOat aciOgS aiigO. Tholr otructuro fli-ot cuccested toy 
arkce otit lu fiotcll by Cruncr^ one l a t e r by 
Brinuley avJ hln collOi^ueB.^ l a kaoXinite, a cia^^lo c i l i ca 
tctrciioCi-al choot la topjod r i t h a o l i j i t l y dlctortod c^hb-^ 
wito choot, both bcliii, foriscfi uy conGcncatlon anO c:^littiii^ 
ofr of V it-—' bctv;ocii cC^oinincj hycroj^yl g^ o^us; in voi'tQK 
por i t ion , /ill tile tine of tho c i l i cn totriihcdrox. point In 
tlio caiao (U oction njfi3 tox^a^uG tuo cent: o of t lo unit luodo 
of ni l icn viiC octalicfirol ohootc. fftio i::itaGr"al ccn tliuo bo 
dcccrilcO oio bi'.vinG a 1 to 1 noa-os^^rjriUnj Ic t t i co (oao 
laytf of c i l i cn to on© or alianini;)* Uatcv cannot eat r 
thore 1 t t iccn anfi t'i5,e e:;rjlui4!i0 tho coup:;rativuly low uoio-
ture content ua vjell m low awelliiit^ of tiicoc c iq^ j , ii 
di.cnuoaatle rj<jrR vi«i6? -jut' COLC o*;^ntrl c.tr«ctur.-JL fcc*luj.'CO 
or k.iolli^itc av re: rcuentod in figuren 1 una 2 rG£5 wctlToli". 
Tim Qtructural formula caay be ex^rofc-aoa ae ( i^*)Q 
^ 4 ^^4 °10 ^^^°2 ^^'5^*^ » ^ a S 55'5°^5 HgU 13.963t) onu tno 
else of the unit c e l l ots 7*2A^« S^ ho gen^^ol ohapa of tbu 
mineral inol^lcd Xvjth th^ col loidal fraction ol thu coi l ic 
tiKit of a th in , i l a t e Ilk© hexagon, horeover, the apace 




o o <p <p 
Tetrahedral silicon sheet 
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h Al +12 

















• , 2 
Eicchangeable c ations 
1^ J^ 
b-axis —* 
2 (c) I l l i t e s t ruc tu re i s s imi la r to 
2 (b) except tha t the e l e c t r i c a l imba-
lance i s se t r igh t by t h e presence 
of k ions s i tua ted between adjacent 
layers so tha t the net charge i s 0 
6 0 
lf(Si,Al) 
ifO + 2 (OH) 
lf(Al,Fe,Mg) 





+16 or less 
-10 




0 or less e»g^l 
2 (b) Montmorillonite, A f ree ly expansible 2:1 l ayer mineral 
the i n t e r - l a y e r cat ions are f reely exch'dijgeable, 
t ioa of lone ia 11 :,tj.wct;«; _J3." -t-icro -^ .-c no uacj^>ti:-ric<i 
V JLo^cior on the clu:;v.ic.c cxo-f «cc» H *:cv) t-iU-'u 1'. no 
u'^^Dor^.tt'C.i o£ crctuiia^o^ibl") t)a:.uc on I ta ius-f^-Cca unCor 
opdini*2.'y O'jnCitlin'j, BUCQ QKQ;i^acsc oavKiClty io tliuo 
Ino i ja i r i cu i t oacoTst uhcn cubjoctcd to vory fine (;rinGliit;» 
A pi/4> Section of tiio Dtructuro oi' iioolinito en the 
UOO) plcme UJO. in^ tlio otcckluo or Lucocwuivo iayo*o iti a 
nicro-cr^rctol 1:3 choti'ii In f l juro 3 . Bio oti-uctuTQ iauicalGO 
the pocl t i .n oS outer hyCrojsylo iA} and M * luaor Ltirfaco 
hydroxylo CCJ ciid Innor hydro:sjlc C2!3« 
10 
ThQ uino^ol uao f i r o t otudlea by AioChatolicr and 
h:io boca aroicnctl tlij fon^iila COH)^01Q/I1-02Q. uEgO, iloao 
11 
jnC hi'J oollcooiacc OLtu.di. hod tho iC^ntity Oi'Lioatuorl-
l ion I t c 0,0 z 'Icriiiito cloy ulncrul onooioe. Uov the atxiQt 
uontrinrlllonitt:, 1::: uccd both aii u c.-^ -'O^ i^  nM.ic for c»J.l di iy 
ulnor.lL vitli :^ oxi^cndi*:^ l a t t i c e (o^copt vciialculltc) j^ad 
also ar a .'jpeciflc talaeju-al aidno, St iuciurolly the lolneral 
conslutQ of thrao loy^ra, a glbbsltc sheet enclo;ied between 
two s i l i c a nhsote wltu theix' vertioeu iso^atia^, towards each 
other fjn^ ' tov.irdt: th j o&ntx'€ of tiic u a l t . *^ l a iiaolliilte« 
theae liiyere ^ o ,:Xue(i togeth-r by prlata-y vuleacc foroeo 
due to shariA^ of osy^jen atowt; in vertox jcjositloa. ^vldo 
f igure i i 1 i^Tid 2 ) . 
[ B ] 
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OF MICRO CRYSTAL 
^ LOWER SURFACE OF 
^ MICRO CRYSTAL 
O o -
© O W " 
Fia 3 Proiecfron of the structure of kaolinite on the (100 )plane 
showins the slacking of successive layers in a micro 
crystal (after Brindley ) 
C A l CBD indicates'^outer hydroxyls" 
C C l designates** inner-surface hydroxyls" 
C D 1 indicates "*" inner-hydroxyls •' 
8 
XToy otudiee Ii^ vvo ono%.*n o tacking; of oillOQ«ulu;*J.aa« 
o i l l ca unlto ( ia tlio o direct ion; loycrc boia^ continuous 
in direction a an& b) with tho reuult thut thcxo ©xieta a 
weak b^ad botwoon them and an oscollont cloavoc;©. Water and 
other iiOlor CIOIOCUIQC con oacily ponotrate bott;oca tho unit 
Icyoro cauoiaQ tHo l a t t i oo to expand in tho c direct ion• The 
c-asio dinencitm io» tIiercforo» not £is:od but vorieo froa 
9,6A° to oubctcjntially conploto coparation of tho iiitiividual 
layerc in ooac cacos. I t io for thio roacon that hich volume 
chac^oo in montQoriilonite are inuucod by aoioturc variotion* 
Hony familiar naaeo aro aooooiatod ui th tho invontic--
ti';no oa liiontcorillwHitc. ihaco are? HoACiaim» ^ d e l l and 
»Jila , ilciojriofrau enu Hofcionn ' ' , narolioll ^, lieadriciio c to , 
All OA tl^ea contributed in aoccxtainiac tao phycico-chcuicul 
behaviour of the ffiinsral vlo-o-vio i t s otructuru. For 
eicanplo Marshall oiiC Hoadrioko &howcd that ciont::iorillonit0 
alv;ayo differed froia i t c thoozvotical fonaula ((uiU.blgAl^OgQ. 
nilgO - SiOg eO»Th ^ 2 ° 3 ^"•5'*S ^2^ ^'^^ bocauuo of eubeti tu-
t ion within the l a t t i c e of /d , i%» Fe, «n» Cr e t c ^ and of 
Si by Al or P, ^vin£; a eeries of fc;rou ) ciineralc. Oxiniona 
havoy hov/evcr, differed ai^  to the authcncity of tho etrucl-uie 
16 
proposed by these workere. iklelsiiin anC Favejee ai:d 2icC3o-17 
nnell * hiive su^jgested revisions in tiiete utiiicturoe in the 
l i ^ a t of the baLe exchan£;o capacity data . 
9 
SKio noiic i l l l t o i^ at; propaouS Ijy G2?la, Bray cafl 
3r'^<lloy'° in 1937 fox* tlio lalca l i ^o ulaaralo x/ltJ^ a 10A 
c-QSJio rnj,oi*ac i--ii.oli nUjt;a cubotcmtlolly ao c^sj^aaflinc 
l a t t l c o cluzactcrlctJlcc, Tho ot;ructii:u o^ tlio i l l l t o 
6 
croun or olaorolo follo^ro tao patte£:a nati>03t9C *oy ^'^ullao » 
22 
Jaf*crooa# SUie bacic cU*uoturo o-? I l l l t o oycoieo lo very 
oi4ail.jf to til *.t of EoateOi'lllonito v^itii tho aiffcroaoo tii-.t 
coco of i*l ^ it; royl..oca by Al*^ uni3 t a r I'oc-ultcnt oiic3?CQ 
4oricicacy iL bolexcoa by K iwac batwoai tbo c i l i c a cjiicote 
of two cucccni-lvo ua i to . In fact t:io K, ionu ::ot ac brifitoc 
biaCinci tliO ttsait Icjytro (ctbbolto caclojod botucea tiio tuo 
c i l i c e uiiGOto ctiM?in^ the vortoK oi^oca botrot^a tiioo) 
toijo^^or no tliat tiiey Co not oaponfl l a prccaneo OA uater* 
(vide ri^.»ro3 1 (tn^ 2) 
The otraoturad f orauia ol t h . aiaerjil Ic ^^iven os 
(OH)^Xy(/a^ Fo^ 2^^ iigg) (Sig.y^^y) OgQ* Siu e lse of tlic 
unit ce l l ii; 10/***, loooorphouc ciib.:titutioa lo pocilbl© 
within tbc l a t t i c e rsBultiiife^ in -^ida V; r i a t i u a i a coaponi-
t i oa , 5!hus, t.io.?! wit.. v«r> l i t t l e rc^auOuacm! of ui l icoa 
approach aontaaorilloiiite while tliouL ultii lari;c; rQplt^.ceiiioat 
approach muscovito* 5ho b,o«o. oi th'juu ol-jyc it; much lov/Lr 
thaa those of aontxaorillooite i.i»coioc but higher tliaa tl3yo&o 
of the Icaoliiiite opecies* 
10 
I t liaa toc^on ro^jorted that £ ioao precsat In illit^^o 
cca be (llvl6.e& iiato throj, oate^^-i^o ( i ) K loaau a t eui'faoo 
oatclianiie oitao i . e . t the outer plonor ourJfocoo of tho cXoy 
minaralOf ( i i ) E iono in intQvXiittlQo iiocitiuno &cu3.' tlio 
Q&CQO OA the oloy part iolco oaC ( i l l ) E Ijao in Intoi ' la t t lco 
^iociti^ao m:n^; Troo tfeo oflsoe. 'ihoGo potaocltm ioao G^O 
raplctcoabXo fJKJU o i l thoco pooltions but tbo ra to tmCl e:jx;Q 
of QKOhoxLQo var icc , tiiooo a t tiio outer ploaiaor curf2,ttec boiag 
laowt rapiCly roplucoablo by a l l oat ioae. 
A ntaabor of otSicr clay Qiiio/clL ciilci'ly tbo^o of tiio 
C4iio»ito cs'uaii, Toraiculitot atvopuljl to tm& Qlscd Iqycs.* 
Eiin-TQla^ imvo booi roportod in co i lo . S3io moot co.^ Tioa of 
tiio t;is' fl layer aiaoralo aro ooabiioation, of i l l i t o amfi cont-
laor-llloiilto on l^ of oM.orito ontl vo.*.iii€rttlit;o • 
By v i r tue af the i r s t ruc ta ro , t .x cicy iiurticloj uhca 
brought in eon t ac t vdth fitter ^/a^^ ixi to a collouiol otato* 
These su^iensione are n e l t h ^ purely lyo. 'hilio nor lyopbobic. 
A Btudy Ql varic»uc i'actoro eliowo taut tliey caw bo pluucd as 
intona diato bctvorn tfae tvo well dcfinud clac:;es« Siae 
u l t i l a te clay por t ic le axicts in the lorio of a v ^ y comidex 
tinion ©3Ci>osin^  a hitihli' netjfitiTc our face. 2h© ac^^^tl-re ciiaivc 
ariuoo .u« ^ r e su l t of iooaorphous • u b s t i t u t i o n a ^ of certain 
e l ctropooit i re elenenta l ike Al*' , Si"*^ e t c . , by eleae.tB of 
I t 
lower Vv^lraoo cuch ac %"*"^ '» Fe^'* oto.» ciM ::ilso &UD to ioiii;:^^ 
t loii ol' t^=&:o..5'i tJ^oiario c>ttac*icti to fil l iecu oL h^Qlimi totra?-
UG(li.';>l pli-acc, ciC ija tiie otk^o or a i l l o i e o o M . 
Sho ao:^ativo cfciarGCO orcatod by iDotsos^ i^iiOUL. i c a omljatittitiu:io 
£iL*o L:0i?o uMXoinsilif 41etrit>tttoQ i n tho ,;lQto l i h o CIJ^/ t;:j<."OiuA.c\": 
uaoi-'ocxs tlioco t>y i o n l c a t i a i c t eomcrc; aitl ciloj^ cti^^cc. Joso-
ticc;.; tlio c y i l |»a4.*tioloo alco o:s;iit3it a j o o i t l v o Lai-'^uCQ* i«Sio 
poo i t ivc oIi:^ *;jO ao^" o^' l j lncto Ti^ OLi Ci-^uoou oct.^iLc:-.vl ^'••ou^c 
c o i l colvsti a . 
SliG ncc3.tivo clicroO Oii txic CJln '^ irK^tiQj.Q I s auut:^'."Jlirxt 
b j or-tiuiij u.J,Ca £:.*c CJ'IAOG oceaGajeablc coiautc*' o- c;c^ _,ea luac 
iiolo to t .0 ciis'faoo l)y V:::Q flcr t ;a^ . : rui-cco# 1:1 tl^o i._j:;-i.,-j 
of tititcr t-iO ocyoii'MtiiiC; oiAtijoo IL-.VO « tc-^ai-ujo '^ t»-» I'l^'iiitc 
:. / ^ Tra t ),c l-iyor Ldi'rvicc Jj^to t i u bulL f :u lu i ia i . .tu.c t-ioy 
:j^'.:. -.H/i--? *!-Cj-*ciOtecI olcui:.*Ov.t :,tiC;.u.l^^ liy tLiC uii.;-r^ctl ...iu;j."acj» 
Ibxmf ;.ai io; l e CouMc i . ;.\L* i . roi.'u.cJ, ti,-.G ex_^ ion ro*.-iaif\; 
ti-o Innoi" io*3io 1^^-^ . . it . i u. 2io^.i,t4.vc c;wA;-eo -.u,! t u c (lii'J'tL^Oii 
io-u; loiiiii;:^, tiu. outer ioiilo i.-;o^ 3L% 2Lc Gtructarc ui' t^.c 
..>.uMe iuyor 1 o„ t .^.'aivt i4.j^02?t.)i*co Jo.v Oii uii. c^-. tcu. L.i, u l 
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tuu collacliai bciiuvi.ux' oX" n o i l .yctCwC* 
The counter ions w..lcu u.-sy h:. Gi.- , i\>*''''» i i ' t ^*'# .'d*'', 
-2 i;.o^ ax'e e-iolly Exch.J3£;e;-..o*c' l o r oliuo.' cuti-^ia jjlv^u.^ *i^c t o 
12 
t!ie jhc.ioi-cii-:a or Ion t-oii-'ii o . £hi? ulcuti-lo Uoitbio li^*u*, on 
tlio iJi^ Ci.* Lur^'ticcc Ilia a ccnutti-it cUut'tjQ O i c u i.j f>oluly 
t'OtcRsiaatl by tiio t y io cui! tlC(>?OG OA iL'jaori'aouc l a t t i c e -
wUbwtitutl u:.. 2iicuoru:w'0t tiio unit-lu^-cr-LUL'l'fyso oliai^oO 
Ccn^^ty i c iiii3ojai«2oat; oi' tuo i>;;.o::ciico of o lco teo ly tcu iii tlio 
ouCiXnclcn. OacL a Ocublc X^^QJ 1.. katuri.' uacouu^ca to liyui.*o-
il:oTi>ic GCXIQIG-JB 22IO <3jubXo Ijjror i a each t.2;c^c_»3 i c ucuiJlly 
tlic bulls clctJt- 'olytc eonCv-at:.'^ti(in» 
ctlGOiTi-^ Jicci Aii-cc^ lJ0t.xan tlic l:it^.,icc :i-jt;. t . ic c^i. tcj?-4crjD 
i'„aG i ; i i i bo loe.itotl oa tUc i. aifaco> -lu' _i i4-.-li,c<..' rrr,cti:>*i 
uoOol i^ oiil.'- b'j L:OJI'C CO—aui^ ;-. i , l ic. uAo iu tL.: al^ tl ublo 
l::^Gi' t-.:::'. t.ic CH'V i:oCcl. .Ji obvl«isC c - u - l o o£ c^oci:l-'iu 
2."7cr-t*>-c Ui;-!;,':*-' ^u : l / i t '^ u t i xi 1 1 en IViitv o l ^ Ivi L ..'.cli 
4.0t •:-. Iiiu. iuj. V r ovlTc .!. J t ; • .^ 11.J- Uot..^-.i•. tL-; Oitlt Irjr^x' 
\^i'i.i't from tue aoubic layex" a t t.^^ r i . , t ..u '^X'.iUC, u 
ju i j l l i t ; - .jr ti.e Lxi .ta^ica or „ ,.0. i t i v o duub^^. I ^UL* u t 
ta-j bi'Okcii c ^,L: Li..:. bu'.'! ^o., tuiit . 'v bi ?.ui ol.i*Ga» His v i . . . 
ilii u hUL i^Oi't ii. t^ *'-' •f.or\ Oi i'if*j,w-j'.! .i. tU.- i n t e r a c t i o n of 
n 
k a o l i i i i t c cuap'rnaion '..itja a no^.tiVQlj cliw^-^e^ o o l . At tiio 
etto©:; o* t.:c plntei ; , tlie tet-rahetiral c i l i c a ;,I.cuto viau tl:o 
oct?ite«lJal oLxr^inj. chcots ai'e din^-uytcfi anQ. i}.-lia2*'y boiuc 
a r c b.olicii, Jtiio nui/t or tiio cfl^ jC CVLCOMQ a t v.*J,c\i ootaiiu<}c;Ql 
Lhcot i c bro::i.a n:^ b : couiJarcfi wita tlic ctwfiico oi.' ua c\ltaiiua 
}.?ci.'Mo2.o aiitl i;ouia cai'ry a i joclt ivc Cou'ulo layoi? in coifi co lu-
t l . nc vjitls ULluninltLj ui; i iotcati: . ' ! Uotcuinli i i j Ivnc 211J a 
a o ^ i t i v o Coii"01o 2.;:^ cs? i n ul:c_llr-c liic.ll.ji ul-.^ h^('u'.jivi c^ 
I^atentiol jlotorLtliilai; iono* i'i*o cd. 0 cu^i'acu o£ :•. to-UuiictLal 
c:'M'..t u.c^' Isu cooparofi u i t i i tSio curicoc oi' c i l i c u puj/t iclc* 
Siiouji t*.ilico curXacc d - i - i c c u no^iiU-vc ilouliit) laya. ' I t o 
cjiw'XoO Ic Imc'.-H to bccoLio nOuitivo i:i ;^rcoC3i*-c or cvaj VG „ 
c u j l i qiiuiit:l'liou Oi* aluuiiiiviu IUIIL. in L'acpai.-;ica c;;iiij t o tUo 
ili^,i i t c o l u b i i i t y OA olii^, cuca CLuli coiiccati':;.ti.u„ oi aliLjL-
ntu.. 1 , .w , vaici alLoy^ bo tliLi'O. iioroDVCi* i t ii; jiocLiblo IL^t 
c i l i c e CUG: t:; „rc rilvray^ tirolrcn c t t.-o .-rlf.ocf: uuure vX\*i i;:.iuia 
i 'uo h'j>vo ou to t i t u l cd o i l i o j n . Hcaco a i^OLitive (OuUlc la^ci ' 
would a i tuyc oiJL«t c t brote-cn cti{;o0» 
IliO clu^ su.;^.tnwiujii:; o:.lii&it t .0 ,)htJROiiiCiic'.i of ion 
'.?!«,c ..u;,je, i-acciu-uit^ G »i bgth ca t l j uo .•'.u"' ,r l . ia;: iu iJOtLiulo 
jy tit»; i ^ d i t i II 01 foreign r . lacti . j lyteL to tl.'. cufiscnci.'a. 
iiinco tf.c i.*Gf)i CGiu^  • t oi' i'»>a.- ai*u ouij.vu .ucat *il i . .^. iii 0^- tlio 
ionu .1 .der i.-. c?cpea*^~i)t oa t.iCir rcX. i .ve a-i u.. b-^iliti'» ioiiio 
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adLoryticn playc tac iao*.t iuim^'i,:mt r u l e iu c^ -.C4i.uit_,© ..iumo* 
i j cuivocofi to dooona, Thovis isr-^ il) vJluio^ oi l o i (14) uj^d-
r a t i .on oj.' ioac ( i l l ) loMo i.*at'll jnu iiv) Jt^aotu^-cl coa r i^a -
r j . t ioa 0^' tlio nuolcu-. of tiiw clcj? D I C C H O . 
Xiao Viol^aca una hydrat ion of Icna o-'o tlio ucc t iiu^oi.'-
t c n t Tn-ctoro l a fictonaiuinj ti*o o^cs^j; of a..coivti-.»i UJiO 
roloaco* loa QiiQhj3ki,Q y i l l bo u l f i ' i eu i t vJici tiio f^V a-*lic£ 
lono h:J7Q o'Ot o> hl^ iiOA- valency or oi-o wt.;o '^l>cd no o oti-a^-^^? 
tiiaa tuowO oi' tl50 l 3 Oi' v:l~::C7 .'at" v^ caiLLi' a^-d-.-u;v.'.' IXIL; a-'O 
woro tlt^^'Bla^ bount^ u j^ t.tiiij tiio;,© cji t^^lnlao a X^^^o i;j,iioi.* i :u l l . 
Acco. Ciiii^ to i.Lijac^, Tor iou^ o* ©ciiial voicr.co, tj;io.,c u.i^oli 
C2?ti l oc : t Ui^ aE-GtcC U: vo tiio t^rcD,tQCt cno-i*^ Q2 zc^li u o ^ d t wid 
X.T tiii> "OJt t ' i f : , i ca l t to tll..jl-»cu i^ i.x;.a tlic c i ^ Lar i ccc , 
Couti'cvcrc;,-, iiOi/ovc-', OEl-^ic ::.G 4'cr fir: tiio i'Gaxi.biii'Li' 04 tiio 
li^^utlicL-it: on t.'iL i.^''":'.KXi i* oJ i lif. i c c*x.cu*-x*i;.:« iJiamox' u^ .vl 
t'cita t!i.:^ t; '.'o not ^It ii.i u mvL c a t l c i hy^ra t i i i i vie*.; ;joliit. 
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Hpooiitiy, iicnCi'icko u?..' iJ.; collct.^acL, cf-icr cax-efui uu.,;,-*!-
ra t i . :n c taa i ra^ ir-.v*,- ..'iov.'n tLtl; STa, U iiixu K'' taid "arivuleat 
lonn :a:x: not liydratet' v; .tai jid-torbed b^ clue ialnc^-iilo, i i l lw 
C, » i'St: jr.; ill untlori:© iiydr.^tiua, ^co.Cliii; to Bax' ..ifttl 
i a n , iiic'"r3.v..iiij ,-ol-iJ'isati n l)'---..nj accjc;Li.. :':lctl l) '^ l ; io-.wi.l 'o 
clir*icultjp 0^  Jjxoi'tvt Q. IDic A'ijrc o l iioru,uiii JOI:! -aiJell ruisl 
34. t i ia t o l i i a r s l i a l l ' ^ iui'V in^iica.tp'ti t a a t r r r l a c r - i l s i i i t j I.. .-^ 1^ .0 
•::il'» .ctoC by tonj. Gi^ature• 
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jo i ' i^ invtd .11^ -llo-m Oil VM.'iou coll, iu . ci^^ooted 
tLut t i i j r r p l a c e a b l i l t y or vji^icuc c:iii.uac v ritjd t . i t - t4*0 
ar . two or r<?( orj^.tiOiS c o e . l o r . I t iiiOC-*i. t i iai "tiic cu l lo iCal 
e l r ; ; os." to 1)L i<;o c p r c o i r c , t iC ii^ -Cia.'© oJ t a c ooIiolcoX cl^Ji^ 
ILM:: TttCl; uro olGcxiy iJi-'OUoiit out b^/ Gicnclti*'^ iirit Jca.iy "^  ^ 
Josracov f Dor asi<i 'JonQosXao, Sohaclitccitabol*^* taiO otlini'O, 
vho SeBonotratod tlict t a c ro s.;ao no Liii^lo rc^i l -cc- tJ i l i ty 
CQJIQO ohaiT.QtcisirAlo or a l l cl':^* xalaojcclo. 
Aaotiioff Saotovt ..^liuii c;in':;*.olw c:!:ciLii.oC :UcnoL:cnca» 
1.. tiio t l s o oi!" tao cacHnn^lnj i o n . It; i£j nor i r i l ly observed 
thtit ioat! oi* c o a l l c r i oa i c r c ^ i i ore c a c i l y roj iacct : l)y ioao 
0* iG*-^c-' iuiiio r c t l l i caa vicc-vo^'ca. r i ioopti-n- t^ V.^Xc 
rulo vx'Qt ax.ovor , oot ult.*, O J . c c i u l y t, ^la th» Dice of 
ro»il*.,ciA:j iuu 1.^  olcio^t tu^ cc-^.*, c t c i : . j t s T i t l-^-t'.. t - c 
iiol' i - 1 ;e t).*L^ OiigTv^ cn cli^Lt o* t c 1 ^ c-* c i ; luJUicr^*' ''•^ 
diau^.tt'!' o^ ti.*3 02^t.cn net of o:^^^ca atj^x. IJ-U tixa ^ i i i c ^ 
i^aetj <JiiC iiL' cc Ix, i t V. ^ ^ ^iiT-lcult ly i^c^ljco. 
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fc,c .." .1 th , *Qih e t c . , *ii..c wi.jwa lu ..'. fcu'iiy t o i l r inC 
c l a y . .X o caiijLuit toiiv'/K «-ccl.iaii^c . e i t i j a e . A^d: t i _ c of 
0v.cli.ai5. e 4., ,.u~ Jibic- Li tlit r o l l o . -i.4„ tlux'w ...t;^ .: ( i ) re ) lacc-
m«?nt 01 r^'c'i-oacyl icr. , ;• .. -.Ou-n b^ t a ^ u-'^ l. 0 / BU.J*,.I i i cnu 
Dudenbo: to l^ iijid U* t oJT iicAulifrQ «iJ co-wa. ' . tva^ ' on the 
16 
tiii^lL or i n f r a reC .^^^octra :JG4i luCio l ^ o t o j i c ctu* iur. vuw^.uc-
t l v e l y ( i i ) i on ic C.C. .or^^tiwa or phuL-iliaio* -^JP .wuutc, liu-uto 
o t c , oa tho c^cc^ o^ t;IiO s i l i c a toU^uIicik'O.* oiicat 'n^ vi- ' tao 
0* clo-:o .jii'ill'-riti; itX tha _^>co:^ L't_y or tac:.Q ciai -BL r^iil tiiO 
c l . v tzin^vjl ! ! t jac tu ja l tmilKj UD ca^ cctofl by HctLuc'lcIvs vjniC 
( i i i ) c-scIic:i:^o w'o-oti .n tliroajU d t ' f i a i t c opoto, u : ic i i E ^ * bo 
con JiOorcfi 'iGi^a orc.iTiSjo c>J0tc axi£l ca t ion o:;olitJijjO c>#9tG. 
.'^ CL'Cj.'dlti^  to CcIioriolC , r/acli n w t c Go OHi-t, u:: tiiu baool 
/ lone curfQCCG, duo to mibalanjcfl cnii'^c;- t;it*iin the l a tMco* 
Uicliliomo v/t)r'.r oa oulciuLi ch::ifec3ito choi-od tLat ion 
oxclicaijo io o rovoroiblo proeooL to v.Ii.*.cli tiio lav; o£ t-aos 
actic'ii CL-n be applio(^» Ao oarli^ cc 1D13 Q^nc car, l a t e r 
ilorr u t i l l . jod tiio coco act ion lav i n ion oacliiin^o otudioe» 
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Slio cnu-itioriH Qorlvc^ by V.moolm/''^ .jafl tt.ri::Ima*;oo-*tIiy and 
Ovcrct.'Qef^ h:,vo yiclfloa cat icfGctory oriuillbi-ium oonbtanto 
:?or oxc.L'j3,^c j f nictrl cati-inc on oolcctcfi bontoal to clay cnC 
, o i l oolXoii^s» .^'il:^.;©.^ ii-.e ch,-c.il t h a t the etiUQti-mo of 
Vanselmv :uiu Ijpicilmamoixtiiy ©t.-al, c rc fDro^lly eq.uiVGleat t o 
Sonnan equ t i mo v^hic i^ liave bet^n ertcsmivcXy \LLQC In c l i ^ 
s t u d i e s , 
Ion»oxch£ir-i£;e ©tiuilib.vls. a te UJT ^^rcat f i ract ical ttnti 
t i t ' o r G t i c l iii-i-ort;-iice .^jul h.^ve been Etuoictl QVSS siiioc i sn 
excHroigC':: v;erc recot;nis;«?c? ai . uch, Ho.t o r tL~ ear-iier 
theoi ' l te w>j:u-i, in eru'^-rcc, (5cncri ti-i.n; or ion-eycn'jnt^c. equi -
l i b r i a by eci.jl i t il or secloorj i i ic *1 OsiuationE, Only in ttie 
l a r t r i f i e r n yeara !K,VO c-nc in tcn t tueoricL been Uevciowed 
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Lc;i'% Oil' tlicii* /i^fnical o iueco. 
lo^i^ctcaC .11 ii \;t,lcli, l a princlj. .io, eovo-' a l l ijofi^ifolu ciii-i^-
i^iBOiit'il Ci;in''itiDnr a t ;: c^vun tcapG.'..*turo. r ^ u i l i b r i u o ccm 
ol-o be i.c.u^'iwud 4a toraio of a tiUt-nlity crucli cc tU. oc^ara-
tioxi f a c t o r , c c l o c t l v i t y coc f r io i cn t , or i^ ic t r ibut ioa cooiTI-
ciont» AG u r u l e , thoco quoa t t t ioo v^x^- vl-tii o::i,cri^>iital 
corflitiniiD. ilwic, ::::v c. c c i f i c voluo o.C one o^ tacxt. .^uan-
t i i t ico corro^^.i^a'Jc tv OAJ^ ono ^oin t on tho iLotiicrra curf _CG» 
loa-orohjiij^o lL.otiic_L> clio^.a tl.o ion ic cov-iiocitlou of 
the Ion catchrmcor ao a function of t h t ox::?eriuojitQl c««ctitioiiO, 
?ar iouc ferayo of rep . oC':ntatioa can "bo ucuu. As a r u l o , t**o 
o q u i v d c a t i oa io frL.ctioa, S- , of tixo coiintc*" iou A in the 
ion oxclj, JiQO'*: i c p lo t t ed iiO a Aonotion of tUo oquivolGiit Iwaio 
f r a c t i u a z. in tlio co lu t ioa , tihilo tho otiier variubloD oiv kv\.t 
conetaut , ffiic ctjuivoloiit i oa io f r ac t i on iu aciiacti by 
A — 
^ / . "A **' ^#*B 
03f, more generally, by 
^A°A 
3c^  s —: 
Z^i'^i 
where e^ is the ^ leot'oohemical equivaleacQ of counter ion M, 
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or B, a io tkiO c©iioaitr:itl.2a of cc/toit'trx^ ion A dr B l a 
o i l l icoloo t>or CJt3Li Dolvcnt or Lalolll^yt te^ JU- tlic 
co^ccmtrn-tieu of colute i i a s i l l iDoico pOA* c^ ctaa oolvtat 
OS." aoi-ility un^ tlio o\2Lr:a.tioB i c ccari'io€ out o^cr G3L1 
cowatcr-ioa cnocico* In e liypothotical oyotuia, tho 
ioa os;cticn(jo icottoe^Eta ao r^ bo l inear feut ioa essiehajR a^po 
in (jetiai*al ooloot on© couator 4oa iij prejteroaao to tijaotlicr* 
Soloctivity ttVLD aocecoitatoo a aon-iiaoar icotiUGJESs* 
2ho prof04.'ciico of tito loa ©schcagcr for one of t!iO 
two (cotmtoi* Soac io oftom eEpj?©asea by th© aopajeatLon faetsjr. 
Sliic quantity io portiottlciriy coavsaioat for praet ioal a^.^-ii-
cat icsn. 2hc eeparation factor g io tviflnod by 
A 
B 
®IPA ^ ^ A % ^ A 
whQtQ C > 0., C|s» 0J^  daaote tho coacoat^ation of ooluto 
tx 'h* "B^ ^B 
in Doics / l i t ro . 
SSio sonaratioa factor lo tliu quotient of tn€ conoL^-
trciti-a rvitioo of tlio t^;o counter lone in th;.- leu o -^ciii-n c^:.* wid 
tiio so la t ica . If tlio isn A ic ijroforircd, tiio fuct^^r o(,' 4u 
larger thoa uai ty , Liit! i f 3 i>^  ,irofei*i.'cd, tlic fuetor it* 
©sailer tium ua l ty . Qia n^iiaorlcal v-lue of tnc QC|;ai.citi c 
factor it i c t .il'ACCitedi by t.*o cLoice oi th',> oj/ioyatz'a.ww:^ «.i .«t> ill. I • 
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She ocparaticn factor ii. uoaally not conotoAty but 
doiJCiide on tiio total coacentratiun of tiio eolation, the 
tciijcx^ atui.^ , anC tiio equivalent fraction x^. 
SocctiLtca iiiLtecd of the oepai-ation factor, tUo 
oolcctivity coefficient can bo u'joti ioi acocribint^ ion* 
QzchjiiiSG equilibria. S!ho oolol OGioctiviiy ooofiiciont ic 
dlofinod by 
noloritioo or oiiuivulcnt ionic fracticnc cun be uccd 
inctoud of cololitics v.iicn wo get tao oolcr ana rational 
colcctivity coofficiento, recxcotivoly. 
For counter ionc of oquol valence ie^ « ZQ). th« 
uuiscrio .1 value oX t.ic molal, tac oioljr, and the rational 
selectivity coefficients BX^ identical ana arc rolateu to tno 
separation f .ctor by 
wht're K £ and X,^ arc the molrjc ;.ntl rational selectivity 
cocfliciontQ, rcL actively, lor oountox ionc 0.. dilfercnt 
Valences, tho nuint'ricJL v JLuc of tuu eelcctivit; coefficient 
depends 0:1 the choice of the concentration ecolu. The 
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Ceneral VQli^tion iu 
» 
JpA 
^ \ f«At - f^ Bt 
'A 
5?ho e o j t n t i a l difforoncc bo*ti;coG sopcsxation f a c t o r 
end the o e l o c t i v i t y coef f l c tcn t i c t l i s t ttio l a t t e r oontaioo 
tho ion ic valcacoo ac osx/oaontu. 5?*tii3, tiJw' ocpai-'aticn £'^CitQk' 
i c u s jo l l y qu i t e d i r f c ron t frou tho o c l c c t i v i t y coo f f i c i cn t , 
i f tho valoncoc of tho conpotinc counter iiixc ac'c aot equa l . 
In cuch co-co::, tho oo loc t iv i ty c o o f r i o i - a t rQiuciuL laore 
near ly canc t i n t uacn tho csper i - cnt:J. coxi'aJ.ti-.*iO, pa r t i cu l - - r l ^ , 
th r t o t r l co lu t ion coaCwRtration, arc vurIo<2« 
In c e r t a i n p r a c t i c a l a^.jlli.^11 ao , oqui l ibr iuz. lo 
£a'j2t conveniently e>:_jew.<ti i*. tCw.i. o- t-.L -*i'..i*.ijati tn 
coe r i i c i en .-. o*' txic couuter ionc , tiic wolol unci oa lo- ai*--











%^here M i e molol d i s t r i b a t i u n coc f f io icu t and A i lo 
no la r d l c t r i u u t l o n coorAiuie>:t rs»,pcctivoly O'-- l a other 
voTJD tiio tHu t r ibu t l j n cooriricicnt lu Scrinod ao t..iQ nuiLbor 
of ciilllofiuiv^cuvw or . n iv»^ ; .tiworbGC per t^aij or eKCia^\^Q£ 
fiivifioS l»7 tao iiuDbor o£ lallliorauiVQlontn or t i ia t Ion ^lor 
u l roiicliiin:^ i a colutioii a t oq.uilit>rlua, end I D , tawr'-ro4.o» 
1- Circct raoa:;ui?o oi' tiic extent to v;tiicU cm ion i c roaiovoa 
£r,-3u Loluticn nii.'.n tha cxch .n:,oi* 1^ ai.^^od. 2ho coofi ie l -oi tc 
Inc-GvXc witii d l l i i t l .i' o^ tho ro lu t i ^a* For any c.ivon 
co^ id t i ao , tuG a i a t r i bu t l a i i c o e f f i c i e n t oan be ccdculutoa 
fj-D tU(. c o l c c t i v l t y coo r f i c i on t . 
In thooroticcil o tui l lc- , tiiO tboriiioclynaii^lo Gquilibi-iuu 
conotant io occaci mal ly u.-od. Tblo q iu j i t i ty io (LviiMcQ. by 
tiio thonaoCya ^jic rol:-tlvii 
AG® « - ii2 In L^ 
\}h..rQ A ^ ° -^ ^^  ^ ^c otjuCai'.i rtoo-onc^{jy cuoa^e oi' tlsc loa 
osca.jiCC' 2iii! tao coi^.ttion uiit- (lOLo^'i^tioa oi" solvent and 
o l o c t r o l y t c - by w.iicA tl i lc JX.'OQQUL. it . aococoar i ly accoUi^aniotl, 
iiiJ i.Lcro *i'^  i-. t i i j OQtuiJLlbriUL} CwJi^tciit. Ia c^i . t raet to tiao 
cepu_1.1-.-, f a c t o r , the c o l c c t i v i t y cocfXlc ia i t , an., the 
d i n t r i b u l l j * c o c r - l c i c a t , u^iica ,JL1 -.'Cxu -^ t;^ -. ^^Ivon cot oI 
y:-. <-'--'ii-~iit:il CMiJitl :ri. aiiC tauc c Jivc-^.c.*-. iw ^ao uiXci i io 
. o i ; t j . i tho iuo t icri'i rjurr:^cc, tt^c eq.ui l iuriau conet.'.nt i c 
,aj iut8t>'-J- iUa^itlty oh *. , i c t e r i s t i c oX tac V/HJIQ icolL im 
wurl.ico oiv i*. •. l^ue coiwt^a.t Ce^UAUin^ oi* toa.>cr^turo only . 
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HGQOi'Cl'.iJL^p tho equll i t r iui j conLtoat ^Ives no Inforuation 
about tiic e^cct oounter-lon t!iLtribution untcr mvj j^vtiCMlix' 
oK;ft}riiucntal cuudltlonB* 
53JO relr. t lcn bott;con oquilibi."iiM cuiutant and a c t i v l -
tioo of the counter lono In tl^o ion*G3:cliuaGcr vno t^io solution 
<3o!):^ :do Inhcroatl:,' on tlio aofini t lon of the a c t i v i t i e s ciifi, 
hcnoo, on tlio aodol on lAiloh the troatc*-nt i c bacca. A citable 
rolGtion o:!d.2tc only i£ olvctrolytc cor':?tion ana chon^^oo in 
cuGllliit; c m bo nocloctccl. In tlilo c '^.co tUc oquilibriuia 
constant 4o 
'6 
The nature of tho equilibrium conDtaat obt.'iinca flo^ c . ; 
on till, t-hoico of tho ctLJidtu'd onfl r<.fcxcncc otatoc .mQ tiiuc i t 
0 M bo uol'J. or ration >1 criuilibriuL: Oiiictant* 
tihen oljy.. arc lubjcctcd to acid lec.cal.ij, or ure 
elcct-ad:i.ali^cd, or ^:u re tiU'wUc;h a colusiin of ioii exclit\:ij,e 
rcr i r .s , hyor.Y^sn ioic arc preferent ia l ly aOco.beu by cX&^ 
. Lxticli;^ re vdtlng in the foraati jn of icifl cl:;yw« A cla^-
cryst.?y<. p.ente two kiaU« of fcurfacoo, pl^mar and l^iteral 
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t o a contact c o l u t i . ^ * rixitl tliQ acid charcc te r of Gl:^ l e on 
a t t r i b u t e oS tiioco curracoc. fho qucQtloa whether H or Al 
oro tho osiciianQOoblo cat ion j in oioy uoit 1 - c t i l l oiion. 
Different itlGcc hL.vo licon |fat fortf ai to ac;Jouat i \ . r tiio 
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aci<3ic chGTactcr ot cla^^o. AccorflinG to tlnraliQll # UcM"-
rlclro'^'^, Kelly end Hajolccteiief^^, lcoE:Oi-,3liOv o ^'oplaccucnto 
in the o l i ^ l a t t i c e ijivc r l c o to GCit.iti' iu c l cyo . i i i l l i l ion* 
IlillD Qiu} Ofeland » however, do not thinli thtit Luoh rc , . luo0-
acntc a rc tho t rue oau^c or tho acid ch:i*'£iCt^r of olo^e* 
According to thoo clay acidc io not en /irrhcniui. aci'l hjivii<j 
ionicablG U (un-a or Al*' ) i o s u . On tUo othu.* h:uitl, i t io 
more lilrc a JL.o;;ia acid in v;:,ich on tho cf idi t l -n o* a baco to 
on acid c loy , J. L * i r t l i coo;,'ciiuatioa nuabor of JLaailiiiffisi on 
ths curfaco tJlivo i-laco f r^a oil: to fuur aL i'oliofc'S 
whore Ug rc. i rcLcito ncutr^Ji aluziiniuo, jjiti w #^ olu-JLniuLj in 
four osordlnatiaii o t a t o . fho ca t ion o l tho oiSUcd btco i c 
uclC a^  a t tiio U, o i t o a t fallow a 
C* - Sa ---> £*"!•,2Ia 4 '^= 4 
"hu abave uechwuii.i- douo not account Tor tho txo\. o^tabli^kod 
Tact tha t L ion ,, u~. i*cH u s , 4i\l ionu urti litoOA'ated frcaa 
nfi 5 7 tjw 
acit' cl^jiyt. by t rou t^ont ivitU neutrvJ. c a l t o •-"»-"^, £0 
cxi>l;.in thiw beh.s.viour, cu^i^ortexw oJ tlio above u^^ U aeciai-
aioii* haVQ cui:,4,08ted other ^Oijr.iblo aclt l ic -^i incii^lt e vnioli 
by dit ( .nci- t i r c aid . ive i'iua to H o- 41*^ l one , slccorftixi^i 
24 
t o Coatoo*''' 0 t a l . the /irrhoniuo aclu cimi-acter iunctlou© 
below |)K»7» nad the Iiowic aclU behcvl;,ur i o evAdoat a t 
hiyhDr :'d va luco. 
CydivKyl (ji:oujii a re i<roteat i.i c i^^ c ry^ t a l c ao 
t t i ' uc tu ra l Cuncti tucji tc, Siioy ru:^ ^ aluo occur a t trto l a t e r a l 
oiarfacco r o c u l t i n c Sitnu a lj;^tlrolyclo oi' Isi-oIiicQ tUL-O-Si bontlo 
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ORG in ceco of lutrntLiorilloiiito miCH (jDOiaps ore i^rouent i n 
the c i l l c a l ayer aD o t r a c t u r o l conct i tuc i i to . Accoruin(j t o 
62 Jacki^on the alouinlwo ion fe^mSc tbrcajl i ar^Qon forui Q 
va r i e ty of funcviunol c '^oUiO uviica proviCo t»io ca t i on osotii^i^vj 
c i t e of oo i l Icyor c i l i c a t o cloyo* Tho bunJla;^ i j c e n t r a l to 
o o l l ac id i ty throu;:!! not only tiio coidio aluuiinoiio::ai2y<:»*.ouiu.. 
Lionocoric CGtianc but s l - o t!iv^-.^,a t ao vjreaJSiy acid Al* Uii^*** 
Oil p::ir a t OL^ JOW or ^;olybiuriscd SiyUraiy a luuia iuB otirtiCturco 
iri o l l i o a t c c luy^. Sbooo ca t ion G::cii^u:^3 o i t o u l :^ a i la.>0-'-
tujit I'olc i - uctoroiniiicj thj na tu re oJ ^.oil aclCiiy, QSLui.cll 
.iid i a i i *^ - ! ! , iH" ul-o *:iit..m Vi&O Ikitliur ^ a t t r i b u t e a p a r t 
Q£ tliC acid oit-:i\'ioter or u t i a i u i t l t e to ^,i*ou,'.! ciicli co 
^ i \ OH 
.:>r< 
S*. OH 
i n t r a r*n<l iij.^a ,o jiJi n^ tLl.i!: t.u'.t Oil ^roupL arc Lolcly r r : . o n » 
, i c i c for the acid cliar-;ctc*.' of kuol la i to# They; a i . o ubt.I:is?d 
ti . tr i i i .etxic evit uiw't! ..;:lc.* re -_u<2 to -c ^^u thzt t"v.o-t:ird o£ tu-
bace caiibinaii^ carjacit^ or byt'-.-o. en IAQJ ;.a.u tiua to i t i ' Gicyo-td 
25 
E t r a c t u r ^ Oii C^ou^^ anH the reaainliiij o a e - t h l r d wioo t r aceab le 
to the negat ive icomoroliouL oti^ri,c ur ttio tur-rcoo* 
ThQ rcuuivs on the t i t r a t i o n s or c l i ^ CUDaui-io^B viit*i 
to.xco rovojJL t i i - t t.io ^1 vnri-.tioiic! aro in a urjtuoi* coua:2i*ablo 
to t-iOwO oi' wcaix cc l co , * • . Tao i a t c r ^ o t i u n botLOon tlia 
c o l l o i d a l c l i ^ txciHD end a l ' t a l iu accocr.itatocj tuc r jostulat ion 
of oobi lo oa# bound bydroacn Ions uJilca c j i iwt l tu te tlio e ioo-
t r l c a l eoublo l a y o r . Tho i n f l o c t i a c obt:ilnAA^ , d u r i u j tiio 
t i t r a t l o n o of o l ly ac ids arc Q2:piclieti Ou ti:c cnco . i to Q£ 
c r y o t a l l i n l t y cntl t h j Isyci- I c t t i c o ot- i ioturo jn i cu .lootuli.toc 
the or lotcnco o£ Q:zchaJiip opot;^ u i t u Ci£i'-j'\uii bo^iLlnc 
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onerc icc . 
Botli comiuctwLiOtric c:i;U pj t^i i t iomotr ic t i t r a t i o u o wi"*,!: 
B-claya £i:'i* be carloyctJ fo: ci^ar *-Ct-riula;j ci.iy mi»icrcJ.a, 2Iic 
l a t l r r Iiavc bocr uo/c uooXally cu^lo:;:1 L. ciiaractoriL:.ai3 i:.c 
c o i l KCld^, .-t li ' t ln^ uit'u the ;,)io»iooi."'i.i^ ^ luvo:-ti, , tiuaD o* 
BraufiGldf £-*^ i» car-... acrocc tliO ^.JIMJ O£ Bavcr uu' *>ca^^i.ot:i' , 
71 T^ 
Dmilt^cn' » I'UttE'jn'** :3ntl oth r o , \:ho iii tliOir 0',m v.c:y c j u l r l -
bated to»-a3.iiF the iatci^iirot: t i c n oI tiu; t i t o t l ii ciiiVeL Oiid 
the na tu tc oi' s o i l uc iCi ty , 
73 M 
Cholixavcrti OiiO. uora r c c c a t l i ^v^x'^ .v cnn' Chatty 3<^v- , 
while workinti \ i t h aixturet> of ^.uro clc:^ sizi6rul@» have iiolicbcl 
ta-^t iu uuoh coi:.';;, t a - i a l l c c t i , . u ..^yiiit *3ae t o iuLivi t iual 
s i n o r a l a , oi'tea -Jii^c^Q . . i ta e:<c.i ot.i r , ::^ t a^ t .*11 tne ii^flec* 
t i j n ^,oiats -T-.Q aot se^iarotol^ ^vl l^ihle iii t h e u.i 'ua-e ^nd 
f roc >.^otentloi30t. i c t i t ru . t i j r .c .HonOf i t u-y n e t hn aOw..lble 
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t o Get -k c lue ab ,ut the ideij-tll;, o£ tho Ldi icrdo i^ a t o i l . 
I>oreov©r» the Infloctlcme c^vcn "by the cloy uciCij a rc not 
wuarp« *o ov6rooms euoh a dsfectf t l t r u t i o n c i o aea» 
aquoouc laoflla can be cuo^cotod. ^ o ICoa fo r nun-a^iuo-uo 
t i t rat ic^iO V;QO Xlrot ou^ectot l iu tI;o v;or: oi ' Polln tind oo» 
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worlroro eoae flftgr yocxo aco . A number of o iganlc oolvonto 
76 
bavo boon cti(j;sjGOtoC by vai'iouo ^orfeer© f o r non^oo^aeouQ 
t i t r a t l o n c of weal: aciOo. 
«ttMi^i—WMw»i«iWMii 11 Williw iwmmmmmmmmmmmmmmm0mmmmmmmmmmmmmmeiammm0iimmmmummmmmmmmm ummmatammmmmm 
StudicD on cla^o bavo rovculod t^iat t*icy cntoi:i:;lvoly 
form coDi^lo::: cociiOuntl-. v.itL uiioy Oi'(j,inic cub-'foncoo, iin 
oncollent oui^vey or aStfor^.tljii or orjj-iiic ma te r i a l by c l^^ 
clno*'-JLc tuia i)i' cJ. ^ ori;jnic rcactio^ic Iic£. bcon igdvua by 
i iac -Jvcn ' ' and c r l m . ' i-ueb oi' t ao worl: oa cluy organic 
coiL^»lox^E pcr t .dno to r sac t i j ac : bc"L.,cc:2 E:cntLX>:«.'illci;it3, 
ha l loyt i i le anu v o m i i c u l l i t e . liondrlcltc'^ oafi Oriri e t . j i l . 
round tiiat small or^jonic moloculGo ro j l aco tuo exchan^cablo 
c a t i u.G on iajntaiorlilor_ito q u a n t i t a t i v e l y , but v;ita la^-.^cr 
i^oleculeSt the oxchanL,© lo IncouilGtc Cue t o tLe •©: vcr un 
e f . y c t * . Tho iono a e held by van Cor »ualc To CGO tuaC 
Ltrui:^ e l e c t r o L t a t i o bends j,t tlie i.ivOt: oi." ci. .i*^a. 
Organic anioua v-rc adi; .ructl a i tJ*e 9d^ _,eQ of t h e clay 
T i r t i c l e e , Organic ca t luno , on thw Cvi(ti..dry, are adaorbedl 
on tb© nog . t ive face uuvfixQea or tiic cla^'. 'iixi. 1. evident 
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from the Buch lar£;er afloorptloa oapacitsy Q£ ti*© cl>^ f o r the 
Ciitiono cji6 aluo froaj tho increae© of tHo bacal cpaciiig of 
aoa t iaor i l lon i to clayo ai ' tcr t^oatiaottt i;itn orci i i io Ov^tloao* 
2huD^ mvm cm auino ocJLt, wuch ac H-Ii^^Ol, o r a quatejcaajcy 
aEiioniuLi oc l t or b:iL'o (R^^'^d*" or R.n'*"Oh*') Ic aCdefi to cloy 
ifator cuapcncion, tho orc^^lc catlono replooG tho cation© 
uhich Lcro oviiJLnally proGcnt oa t.io c l i^ r cuL^faoeej In otiiep 
v/orfie, •Gschoiicjo atcoipt ioi i* takco placo# Hicro cp^;oai.'C to l>o 
a ctroi.c i^i'cforcttco of tlic olqy for tho ore; -Ekic ca t iono , v;iilcli 
ai'e often p r a c t l c c l l y quantitatlvciXy atiLorbsta u n t i l e l l tlao 
oschaa^G pooitioBD oro ocou^ictl t>y tho organic c a t l o n o . Tlio 
amino group- iJecouc otrji.jjty att^tcnca to tbo cl::jy ourfac©. 
^10 a'Jcorption of oriicjaio cat ionn i o Loaoti tec not 
limitofi to SM anount c q u l v ^ o u t to tao cutis:xi 03ica.:iioC cc_ac i ty 
of tho c l - y , O.L;»» foi' ^ iiuatcriiavy uu^ioniuui ooupoum. i ; i iu a 
lone chain and a Lj^atnorillonit© clcyt Giii^o^^.tija of about 
2^ tii^c£5 tho ca t ion ©sichuaijo capaci t j of t*io c l % IIQD hmn 
ob ..e^'vea. She ©xooss of t^ ^ orr^^anic o a l t i o :>hyLicaliy ttt.coi>> 
bo J b„- v<sii J 9- waalB l i a k i a j of tuc ii^ yxvcarboii oh:iinr of trjs 
excjimiui' ^^^ ^^^^ ca t ion auci tijsjro o„ the excei^t* ortjv-nlc 
molec'Ulos. Shu ioniBofl ^jroUiC of tho , h y c i c r ^ l y tdcoibad 
noleculo w i l l i.olnt towa^rSt tiio w .^tc .^' ^uueo* 
Many oroanlo coyi-otmde with a di^.o!© ohafac t j r ure 
afitoi'bcfl oji th© layer ^nii'fccoo and urobcul j al«JO o;i the . d^ e^ 
e a r f a t c r of the c l ay , in analogy wi t i t h t beha^iuur o i ^atex*. 
The afuorxtiMp enrr^y of aan j of thetie ccMSiOiUMl:: 1. Xvobably 
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of a mus^nltude compax-ablc v<ita tii^t .,£ untcxi tho^ cr^n 
dlcplac© adi:or'ocd trato-*; r-;au c x ^ , i/ut Xre^iucntXj^ t a e Oi'v^uilc 
coupoundo can be rcSiOVCdl Trom the cli^* b; ui^uui ^^ ^ u i t i i uato*.*. 
-c In c-ice of aclGorptlon of viator o i ol-;?c wo do not luiow 
oieaetly to i-iiot ostont tho polar grouno of tho oraciolo oolc» 
euloo Qococlato witJi tiio counter lonn of tho c l ay tjid to w^at 
uj:tent tlioy arc hydrogen bended witli tJie oxy^^on Luiface. 
Several rocictlono beti/c^n dry cl.;yc aiitl orc^Mic 
coapoundo occtir, oi" arc iuforrcd to occur* w;j.ch uotald inUcj i to 
t h a t , for oxaiaple, l i . en acid bcntoa i tc c l ^ ^ , On o'OUi« e^i-^t 
on tho cu-'A^co, Theco OH (prouj-o v;ould bo bDirnc to c i l i coR, 
as in o o i l ano l t tao s i l i c o n analo^aii of c lcol io lo . Such 
o i l ano l (jroUiiinjo bavc bc^a found tu a J . ^ t i n n o n t a o r l i l o n i t c * ' ' 
Hofeovcr, tho forciatioa of cloy or^j^nio r e ict ion productc iu 
whica the crt:,anio coEiOUiCo a*'0 chca lca l ly bontiotl vit i i tiie 
curf^iCc hu^n utcn t'oubtcd. I t hao bcca pointed out fo r cjiys-
i»ie thcit roridwcil adworood vvatex- on thv c lay iai^^nt havi c .u ;,%' 
iiydrolyjia of tht or^^.jiic r&tictunta* tho rot iUltant proUucta 
o* nyCi olji.A^ boiii^^ ^hyaica l ly atusorbcd by tlm clc«y« I'litsi'O 
it, a i . cviUe.^c for* tiic intdrla;^ ci* i3v;netratl::ii of ori;<unic 
eo=>. oun..B 1.. . . a o ol :^o lilce teollnito.'^* 
65 Aocordint; to tti^ntlrinLc tliO ortj<.*Jftlc i .« i j ar«. hciu io 
the clay surfjtce by vun tier U'aalj -'o.-crr: h. ad(^lti.ia to uuaio-
jjbic fo rcce . Larger lorio arc Lcid n.!:)£C i^t£ *.iSl^  becaut.e of 
gi*€::.ter van der Waal.; foice^i^* Tlie coulo:.^-bic fcx-CES axtj iTurt I* 
sups leaiented by C»H , • • 0 bonic betv.can t a e or£2i!iic moleouiuL 
ana clay mineral sitrfac«8» 
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IntorcL:t-ii{i etuflJLco have bean uiiiao on, vise is^cuaiil^^ii 
o-' u j j sur . t i -n of ox^-mio coK*-ouadc on ollic©ct.e CTLS alik*taoue 
Dwcfo.CQDm * I t hcxL bvoti objorvofi tha t coveral factor© 
oucli oc l a t t i c e coaf is i i ra t ioa of tho GtI::orbent» i t o escuoi -
ceablo catiwHo and t ' io l r Iiyfli^atlcn, t l i r heat i:,roatueflt of 
tlic atleorbcnt, atomic aaC molcculoi* otjcructaro of tiic .i.ULor«-
b a t e , I t c c o l u b l l i t y aou concentra t ion iu tho colvca t uuu t he 
oolvcnt i t u o l f , the o r lon t a t l on of tho aoloculco oinU t h e 
enviironmontal conditiono ofi'oct adcori-tioa* 
Chciaically coiXc aro alumlno-i^li icato. end c% cuch 
choractoricod hy poooocolnc ospooofi curfccc la^rvj.-;: r i c i i i n 
osy^on atoac and tho hyfiroxyi t»roupo# Thcc© csiirfacoc arc 
bac i ca l i y hic^\ly polar in cajractCi.* cuid pocEOui. on ialc*i„c 
reiiiclual f o r ce . Ocncrolly tlicc© forcoc OA-O xoL^.oiiwil)!© lo*' 
holc'lnc the other iciio or noloculcc c t tlio iuu4,f*iSo ttu;...o** " 
r i i y or permanently tlependiug o;i tho a^.taro of the f: ..ceo 
oporatiiiD a t i t * Reaidual valeaco fo-ccu, filpolci.' a t t r a c -
t iono or uny otn^r / h i s i C ' l fu rc .a j * tuc Vaa Coi' «aal*- % jv 
lead to atIt.o*ptiui wuoroby tlic ao lecu lec arc huM t i \ o r a r i l y , 
v/icrcae chemical or e l e c t r o c t a t l c forcoc ,,ivo r i c e to •jct^ui' 
nent buildin^j aud moleculeer sta^^ yeJKSineiitiy ou t^ Ki ;.Ui'face« 
'J1 Bradley and Orlm"^  bel ieved tha t tho coulomblo f c o e c wtr© 
fur ther suppleiaeinted by C-M , . • , 0 boudu bets^ccn Oi,,.uiic 
ao leculec an-' C -^JI^  aiiiierad J-uxl'acet; una Im^X t»ic ori..anic 
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fiioleculcE ia ren ted tu-Lic Ivoi: In pc2i.'.illcl layere betucea 
the etructraLal cuootc oi? cliay mineral j^iC l i e d CE f l a t ae 
ior: : lble» 
92 StuSlco oa vlecocimatr ic coantajQtc of oucpentian© 
of cloy-polymor complexes havo rovoalod tha t H-aontsaoril lonlto 
pols i^aojp complcxoo caaulLtcfl of un od^e to cd^o linlsaijo of cloy 
p a r t i c l e s tliroucii l a t :icc-aluiainiiiQ-carbonyl botidc ivhczoas 
aluuilniiin oon t ao r l l l on i t o pc ra l t t od threa kirido of llnkac^ot 
Q&QO to od^o (ao with H-montaor i l lon i te ) , Gxtornal f l a t 
ourfwCC tv curfcco (produciac a Qtaclicd o t ruc tu re ) and 
curfr.oc-to-cdoOt tho l a s t tv;o involvJUiG oxchEja4;oablc cJlaiainlum 
coi'boKyl bondo, 
Barror and Hovy and Bcxrcr cxid tiaciieod*^^ havo olwun 
tha t i a i.aatnorlJi.lonlto ca tura tcd vrltii c e r t a in cho^-t chain 
cnino (XfiC quvntcrnar;; cujoniuu crjujioandaj tho oalao catl^a*. 
iwCi'O iLT^oly ;^roocnt au tm iacou^^lcte nonolcsyor botv/oca tiic 
un i t layojLM of the z ion tcor i l lon i tc and t h a t t a a in i i iv idu t i 
catiDQii ac t ac pi l lars- l a proventii»£; colla^;i.e of the m^at-
i2ozlllor.ItJ l a t t i c e on dryir.^. The^ havo oLuo daia^nct^'-ted 
thu t tii'j E^mce bct'.;ocn tuo ca t ion i^llloro Ic ava l l ab lo for 
taa sorptlOi'. oX both i>ol'ir oa^ noa-_.olar { j roxx . 
94 Farmer aia^ Ilortloail In au infrared utudy of the 
coorviia i t l t a of pyr luinc unt" u c t j r to cschL.n^.L''tMu ca t loae 
i a moats ior i l ioai te and capoai to h.^/e propooed th i t ^jyrldliio 
has a t i l t e d c Ji-fi^^uratlon in tsoJlam aoatao^ i l i o n l t e tiiun 
•?. 1 
Utj 
'iJCt..ccji i>ii.^ ;i:i!7cc! olcctt* -X ii'^ , 1-10 *jilg i_ulcculc2 tLid ion ic 
ccut~'cr 0*' ,>o*,itIvc clic^^o. /v rL«..uccd r o t c i t i u n oi' t^ 'ii^  jy 
tiio -'_ w; r AI . ycto-::; i:. •; c CLcU to tL„ ) ; j t - i ^ i i i t y o r 
V2.ch 111^1 S)lc i i j r.:i' /il ou ^:^cli . i l tc t.t4;*.<Cw: occu r^ i ; ^ uc 
i*ys?ra.;y co^i.^lo''.-", v ;.i^^iS'lc-^iU a^'jiXC u« i»**v c-^i -IJ- »J^ ' 
c l 4 cti ,ctv • 
"<* 
I ^n i i . . 1 --. i'art.-.u ji . , o . . , >>. -sj' ,^-il I n i la:i t i* , l iy 
b,Hl! ^ r i ' i i t P ..t it c \ • .^ ' v.pour ,ij--c . . . t ^ . , ^li^. ^ c - i i y 
-. .C.J . i' )„.--« ..J c - be r-j . i c . u^  , ''i.f"iw "'**^ ti v.-^ itoi-
vaj^oae but cr.^ci. JALI-J p^ x" ';!-.«: X.- j i j l *^-.*'.utcd» 
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oxA tarco typo or curfaco Gli (^ r^ouo. i . c l ^ o vic«» t^j:)oo 
a t tne eSc:es» thouo a t u^ c r cnu inner cv^rcccc ac \ ;c l i S:J 
liH.-confeiorillOBitc i c orplaixac*! c^ bc^..*^ tuo t o t aosua l 
dccoapocil;! !i o* KH. with iocc oi? OiU oaC l i b r a t i u a o:f 
pr&tDn sac} tliat iii IJc* Q--?^  M-aoutaaos^illo'rUtic ^c Jyo to 
protuii libo^ratioa by reac t ion bctwOoa rc i id^ - i i v;atcr coio* 
cul6C aRtt l u t t i c o Oil ^roU:3C, 2110 conov.l^-it .JC t H v i c j - t 
cutiofic or t;ic c i i y CA'C fuund to i^o.xc-*. v^ tc r iii t a o oiator 
and iniici," wiii;ji;uu of coo:-w*.uatio2i» Pol.ir i>.olcoulco oncJi ao 
thooc Ox iysiui i io JuiiO nitroboasono coulC i?cplcaco vr.tcr froa 
tiio outor oniKi'ct; ol' cooraiE:.tion ^Qjuin^ iiiyc'roc^n IJ-JWSO* 
/OuL-onla cMiO. ctliyltual-ic arc lounci tu TOi-'a tatr^'»0oo£^in::itii>n 
COLUCUCU u i t i i ioi.o l iLo Cu OicjlciClii^ w,-to^' catircZj, ' . 
Bo ,i(,co t.'io Li<3coi.'j t l-w ol tii^ or^ja'.lc aoloculcr! on 
tao cli^y iiiiaoj?D.10t tnoro t c onotlit;' L^uot u j ^ t . c::? r-i'*er.'-iio. 
I t CU-OLx-ac v.it,. tao 2.t .^o ^ t i r r oi. t':.: o--ii:iic OJ ' . ou-iil:: by 
ci:.. - 1- '..- t^ - ... .„-j.;.-1 ,-•. , Vci;; Tc:, rcTfi* 'CCL CI t^iiv 
,. _. c t -^•- .V J.1 .-It 1.1 I l t o r ^ . t i u c . *iict. t ctuf.l':;^: b^ * 
B r i - i l c y I Cow. ' rc, ' '^- '" ' ' - '* B a ^ c c i^ *.t: SiLiith^^'^ h::.vc t-^om 
t.:j,t u a t c ; 'Qti. I r coL^-pctltloii -..itl: 0-^..:-ic u,.^ t 2?!:^. i'or 
^.itcn 0 . •!,..; vJj.u^ ^ L;ii_'r:ico« In >uGii c Ji;o., t.u? ,i* olf ti,o 
C U J i C : - - i -vlA.' iii.-.'lUC*iCO t l iO a^ LUjS-V t i ^ i l Cl i -U^ ' . iCtcr i ' - t lCO 
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the adcsori.tloii of quinolin© by cloy LuopoiiciMiiu h^sro ciiO.\n 
t h a t the afloorption oi' the ort;jiaic oolccuio depcaUo on I t o 
concoatratioiitpfi, a u l i a i t y ona teaperatusxi end t h a t bo th 
©rcxian^o anil moloctil-ir aduor^Aioxi aro opora t ivo . imckoaEio 
hao oh'bii t ha t moatuor i l lonl to adcorhs uuny organic coOiiOJiitlo 
l i k e isonoh^drXc and dlhydrXo olcohoXo^ xiiti.*ilvO otc .» but 
v-hon tho clay wao laiffiorcGtJ In a d i l u t e aqucouc s o l u t i o n of 
thcoo cosGpouado, proi 'oront ial atIoor>«tion of colvcnt occur0« 
'jLho prcccnt kaowlcd^o of olay-orj^uiiic^coaiiloiiut.: l o 
thuD ratUor clrotchy, anu i c uo:-tly cQi/ l r lcal . Lo have a 
£;encral oad rcaconablo idea about or ien tQt ion , pucirinj^ osid 
apparent van dor Uaalo dimonLionif in tiio ortionic Iqyoro but 
uuch o t i l i hac to bo loax^ncd cbaut tuc bonciiOtj DccIioniLD aiiC 
tho cnorjot lcn of GO«o*vtiJiu A fui 'thor qucn t i t a t l vo ctvdy 
of tiioco coaploncc taoy prove to bo Lijociully i r a l t f u l for 
the unuer£>taafiing of the 1: tor^^ctiau of :.urfuccc en. oi\jSXilo 
ffiolcculvu i a hotroccnoouw oediiii bocau-c much cioix iaij.ai 'u-tlja 
Cin bo obt:-ineO on the laol cu la r aiv cut of tho a :'J4:li .tto 
in couiulooo, thaii on ciUi^lo curf^iccj. i loroovci, txiO r a t i o 
of t i e vjxiouiit adoorbcu to jiiuuunt of a::^o;.*bc«it i j Vwry favour-
r^ble 1«! tL-so co;2ploxc0. .Jffoctc of t io oti^oai; luCvtl c l cc tx io 
f i c l t ' oa roGoii oicu in arou t i c uolecuia^ \^i l l bu of p a r t i c u l - x 
i c t c i ' c o t . 
I n e j l l e of ilw te^'Jiolo^,ic-.x i4-J0..t..:uc© fii?i-'Xu iilJl 
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Inveotit jatiuno on aJcorptiOii cpcciixlj a t thu l iq i i lL-ca l ld 
i s t o r f a c e ^jrocucOcd only clowly. Slii© irowjcllicii equutiua 
Via ^£ipli«d iiifii-*crlialnutol;' t o a l l lcotucr»aO l l t i l te t i to 
adcor^jtim r iou d i l u t e oo lu t l cno . I t touk uanj- yoai*o for 
concontrateti oolut lcn to bo eZi^loux'oC ciiu *or tUo roLuitc of 
the osploraticn:^ to bo wlfioiy upjrcci^tcf i . Iho i'rcuatllioli 
iaoth'^riji i^ aG fountl to uoccribc tuo bciiciViuar of uQcoirption 
onl5r a^^ronica te l i ' . 2huo, iootuO-'w f j - ail^oiv^i^^ *>'* 
ohoz'cool t;hQii plotted! Xor the tfiiclo i-'ai jo of coiicoiatratlon 
couli} not ho f i t t e d in to tltc ProunfilicL C4Uj.ti a no.* in uiy 
cioclificuti^n of i t . A moCol foi* tlio chcuiLorj t ion proccco 
v;ao ,;rocoiitod by Lan^auir in 1916. Accu^dlo^;^ to uim, in 
the cat:© of ohcmloorption the at-^orbcJ Iz^ t£ u xc imiuolcoulai ' 
i n tiiiclmcoo ant', tiicro exiutufi J. Cyaoaic cquilibri5:1^2 bctv-c^n 
the adoo.'bea onQ xmatlcorbotS c-^ moluculcc. i?rou tho* f^caodyna« 
Qic c -n j iuc ra t i j no Gibbc derived an i.jpoi'tont r e l a t i o n botuccn 
the uiiuox*. t ion i a tl^e curf^cc l ayer biiidinij tuo tuo piaues 
oM the ra.tG of cUoii^ ^o of «/Urfuoc tunc ion of tuo .-.urfacc \ ; i th 
choni;© iii C i i cen t r a t ioa of tne c o l u t o . Uono of tiieco ooncc/vr., 
however, couiti ossplaiu tue r e s u l t o of aOcoi'iitioa in d i l f vau^ 
c a c e s . I t wau t«-Citly aauuESod tHal; tLo eecjnd component vuja 
not involved i a tlio adoorption procusG antJ could be ro^.aided 
a e r e i y ais u apace in vjhich t a e so lu te has p lay . Tiii« coiicc^jt 
i:- no., no l o j ,t;r t enab le , ^ / r e f e r c a t i ^ or cclectiv© ac-or jtio.i 
of tiie CLc-f.ii'' eoaponent 1^ fjunu poj-iUio and .li equation 
v5 
for a cotinocito Icothc^ra Ic proponod az follot^u 
n ^ 2 o 
Q 
n | (1-x) - III 
Thic equ-itloa io foimd apjilicablo to adcorptloa Troa a l l 
rolti t lons, of whatever coGCGntxatioao GUS. cm a l -o accouat 
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for multilayer ctioo^pti-^n. fliuo, in a few cacou i t iu 
found that althju^^h tiie coapoolto it,otht)ra iiGd a l inear 
ooction yot tlio adco^'ptian Ic tbo moleouloo thiclz. ^ 
Suirlag chGffiloorrtloii procoso I t lo aor&ially ouppoocfi that 
preforoaticl phyoiCGl aficorption or one coaponont occuro on 
the tup of tho f i ro t loyor. £o account for Luch caooo tliO 
Libovo o^uati^n 1^ modifioii to ^iVQ 
o 
^>chum -^  ^«*t ,^,hy8 <^-^^ - 4^ 
In Gonorul, compojito icotiioiuo chow u ouooth v x l a -
t ion '^ -JLtli componition of solut icn . Zn Lome c ii>e3^ ho'.mrni*^ 
Gteps and sharp dicci.^itinalticc arc obccivctd. Iu re ara 
a t t r ibuted to thi. <Ui>pc .i.*aact oJ - ..ccaiC Iti^'or of adsorb at© 
lie 
or. the top oi the flx'ut o . uO t:» a jh re oik-js^o in the 
^ccorbate, Sharo brd-iv ir* the iwOtu-rac cim LICO b j dao 
to the ca-ait,^ in tuc Oi-'lentati ii* o* txic viLo.bote^ Ventu-
rul io <t*«iL ^uLli^Led a e^riec of p .jcrt, in uuicii he has 
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precentea such Icotiiormo for aduorptlon b^ lnorL-i*ic eolidf 
alumina* o l l i c a (joI» mo^ouluu hydrozido and caLcliua carbonate 
from eolut ionc of dye s tu f fc in u-ator and of iot*ino i a o r o t i c 
111"»112 Kolvcnto, I t i - t^u^jtectefi t h a t d i f r o r c a t yai'tc o$* tao 
iootUQ m coi'i'ODpond to aciuorption on c i t oc of d i f fo r iu i , eiicrijy 
duo to hotrotjonoity In tJio curfaco* 
A clGoolf lcat ion of tho d i fo rcn t ioothcrati obtained 
during aduorpticn MOB proposed by Giloc. "' aiho i*an{3puir tyr>o 
curvo v.ao obtained t<.avn ti.ora uao no c t r ii^ c o a j o t i t i j n froia 
tiio i:>olvont for cltcD un tao cux-raco can tno udLoriJiito iiad 
l i n e a r or planner moloculoo. A S abapod cu^vo wao obtiilnod 
i f tbo colvont Lac cir-n^^ly ot'corbou^ tlioro boiu^ a o t r ^ng 
In tcraolccuioi ' a t t r a c t i o n ui tJ i in tho aCcortcd IL^^CT :^U t ao 
accorbato vj.a tnonofuxictioiial. im H oiia^io occu*TCti v l^icn tLoro 
vao hi^h Lfi ' lnity between tho L.di;orb.-to oatl a^LDx'bot w.. in 
vcri d i l u t e colutiout; durin*^ cLt;aicor->tioii o r Lu^'t-i'^ *Ai{o.'.p-
t i o n of polyiaero or i on ic micel le: : , u G ty.io of cuxve v.:to 
obtained whcu tue. e VMC o«i.iSiaut i-urt l t icr . o r thv* adrox'bato 
bot\<4jen tiie colut ion :mt: tlie absorbent a^ i n t c x t i l u fibi.es* 
A number of isotheiias jhow stepo au hat been diLOu-sed 
above* In general the t^teps ap^ea..* t n^rts: A pha^e chan^je 
in the adsorbed l aye r or tne onuet of tue fo rua t ion of a 
recDcd molecular la^ei* .ixtor c-Jiipleti Uut. A 
l e s s common ehape involved i c a wave* I'he QutMj^i in Elope 
ocou. r a t a small VjJLue of adaoi .<tiaa ana uaa j.ndicute a form 
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t14 of cooperatlvo adeorytian, wiiloli indlcatoo roia© ficc*."OG 
of Reformation In packing in tlio oryotoXlizio etato* 
flateauQ aad maxiiQao havo bocn obcoi-ved in adoorp* 
tion icothormo. A lone plateau in tho ac'co5?i-.tion iootJio^m 
io inflicativo of tho foot that a hi^h cncrcy liacrior liac to 
he ovorcono bofare additional odoorption eon occur on not* 
a i to s , after tho curface hoo boon oaturated to tiio f i r c t 
decree. Sho ooluto hao hi^ ^h af f in i ty for tho oolvont« hut 
low aff ini ty for tho loyor of coluto moleouico already 
adi^orhcd. I t io porhapo cignificont that adcorptiaac of 
ionic iniOGllec c^vo CUI.'VOG with lo.iu; plateau; in thcoo 
canoo tho curfaco of the sol id , whon covorod, fe?ill tead to 
ropol other mioclloc holdino' tho ooao chorco. 
A Dhort platocu lauct aean that tiic auto:£boQ coluto 
noloculco oEpoco a ciirfaco \>iiicu hoc no rl^ tho ea'ie a f f in i ty 
for aoi-o coluto ac, tho oricinol ourfacc h;.d# Sooond r i r o ond 
oocond plateau ore at t r ibuted to tue dovoioiJiauit of a fxcLh 
Burfuce on v;.iich acUiorption can occur, the t-ecoiiU ylatcuu 
ro, i*Q;;entinc; tho coeii.lote caturation o-" tLo new LU4.f::^ ce,thou«^h 
thivj ota^e io not alv.'nyo r-ealiGable« Occaoionally a frJLl in 
Dlopo occiiiT ai'tct' th'j firrjt inf lec t ion . faiL io yrobatsly 
Ouc to a:jt<ouiutl'/xi or tiic -olul t I.'. : oluiia-^' i»o» i^ith itio uu~o 
in concentration tho oolute-uolute i-ttraotioa begins to 
inci.??aoG moio rabidly tnon th® subiit-\ito-LolutQ a t t roct io iu 
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jua.ii;* AUii CLAY i.iUs^uiJuii 
In 1212 Lauo anc^  Mo cucuoia.toc noticed tliat cryi'tcJLo 
can act ao dirrri^cti -^i i^jL^atini^c to <S-rayc. iDuofllatoly 
follotrinc tl ' ic dincovor^r Dabyo and uchorror in ©onitiny -mtl 
Hull in tho United Statoc aiccovoi-'cfi tha t t icro cxinted a 
character is t ic X-ray diffraction effect for a fiJno (jralnefl 
cryotal l inc acc^ccc^to* Further rcoocrcu on oi-jjlo crystalo 
wao i'osponjible for rovcalin^j tho orianacucatD of atono in 
tUo cryotal i teo l f • A lmoTa,lod(jo of tiio v?ay In wiiich atuk.L; 
arc cooractricolly orrancod in cryotalu broutJtit about a revo-
lu t ion in Qodom ocioncOf j^articuxorly in Oheaictx'y end i»oliu 
State Phycico. X-ray etudico hcvo ;la^cd a v i t a l role in 
I t s t l 6 
clay oinci^l rccocrcucc ac roxOrtoC by Brin-loy, "^  ^i-^^» 
BucA^jor, ' Juisics ^ wilcon ^ unC otiicro, 
Zhonaol onalyoiu, althou^^^h uucd tu LU^^ iii^ uwUt t,iie 
roiialtu obtained by other ©otiiouu of cl_y tiiiueivl i J e n t l f i -
c ition» ivcu 3. concidorable uuouut of iiifa<.4iOtion on ol;iy 
LiineralOi^icul Inveot igat ionj , 2hc uctuod orioiiixlly due to 
121 Le Chatelier and a|;i;lied to cj i l : , t>y .i^olonoff *iiid 
122 
Jouravsky i s baood on the recoi-iSint^ of uic»t:Aeiaio and 
exothermic caan .e during txi« heitint, of ol^y minercils. iJy 
mcaeuring the size of the peaks and trouga.^ on tho heating 
39 
curve, a quoa t i t a t i vo oGtiwatc oX the caouat o£ a civea 
123 
mats r io l aoy bo obtaiaefi, EKOoXlent rov lc jo on the 
subject UJ.VC been ^ublli^i^ea and a Vwluablo cccoimt of 
t i e tJucuian dovolOiacnte i c afiordofl by tho t953 Conc3:'oc8 
I2(d 
r epor t cQitcu by Bore;, 2ho MA ctudicc haro oico 
proved uDGfui In c luc ldn t ino tbo nature or c lcy orGcmic 
in to rcc t ioae* 
A otudy of t rcoo olcraonto i n r e l a t i o n t o co i lo liao 
Gained concic'orcblo iLiiort:inco during tho l a c t t t o docuiiao. 
2hocc olcmoato hcvc bcun i.oua'a ta iilqy an iui jortcnt ro l e in 
tho li*G ^roccutu:; or ^ l . ^ t c end animalD and t h o i r do f i c ioc -
eiou .jud t o x i o i t i e o havu conoiderably affected crop produo-
t i ' . u ana onic:::! diooaLoc, ' Beoidec aout ra i ic i - i t j harmful 
conditionD in c o l i c , cOiper playe an i n . o r t a n t ro l e ao 
t26 
n u t r i e n t in osi«3ation redac t ion eucyoe and toce tuer with 
coba l t i t s doi'iciriicy m^- caujo coveral f ^_iuc of dlLeoces 
tv c u t l l e fed Oil 04. V. c t,rofen on each e o i l e . The i^ov-th of 
le^^iuainour c*opj i a fou .d t c bo rGt,.-rt.od by Eolyb<3cnuBJ .^ Jtid 
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ua t e r colu lu bornn wiiOt;o defici(.ncicL rcLul t in dofor-
laitioB in caulif lov.or, tciuituai: and l a t t u c r , Ihose e l s cea t c 
.il2o ofl 'cct a i t r u t c ut i l iL>. t lcn and c.ilcium uotiJro b -^ t h e 
12ft 
roote, Iro.'i imv m.mt,-jat3se aie tao mott aburcant of the 
trace elc^ments but un.'er ^Ikalinu anC oaloareou:^ conditions 
40 
thoy BO wily reaaLn inactive (m& unuvailaMt^ for plant iiuti.*i* 
t i a o . Only for^ouu iraa from imoa^ total Iron ixi 
t o be active :m€ cval la t lu to plante* BoGii?ec t ao l r fur.otijn 
ao nutr icntc , the t race olccicato pluy on iuiportant biolo^^icai 
ro le onO txn CKGQCC or deficiency 1CJ.6C to orop fa i lure rjRfl 
aicccDco l ike ohlorocio in the f ru i t t rocc , AccosCioa t o 
Goiaocfcfflifit a l luvia l eoilc derivca froo scmtlctoiiOwjBhulee 
otc«, nsy sjhofe- fleficlency of s ine , copper, cobalt ama iron* 
la ffioot of tho above ctufiico, tiio valuo of correlat ion 
cooffioleati- a^ee, i;oncrally, calculated frou tito product 
Qoraant correlation coefficient fonaulw vias 
Gov (x,y) 
r « » '•' • • i > i ' " « •uniii iM 
vi ?(x) . V(y) 
whore x ana y ara tbe two variabloc i*e,, tiie quantitiea 
between w...icii tho correl«itl;jn ooefllcieut ary tj be calcula-
ted, Tho above formula can bu uor© r.iii-ply written anf 
Y^x.y - 3 
B«ki 
J (2^.isayi) (xy2 ^ m E 7 
wherfi n i& the number of samples analyaad and ^ rezireeerited 
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In tiio procont Dta<3ico tho abovo clL.pllficd OHj>rocoloii 
id ut i l icod JTor ttio ooXoulatlon of corroXt^tiom coofficlcota 
toetwooa tho iihyolco-chcnlcol propar-Jiloo of th© coilo aafl tbo 
trace oleacat otutuc on ciaoori)tion, SJao oljEilficaaco of r i o 
tooted by cottiai; o ta t io t ico u^ siOi^  tliO null liypotiiocio»Ho» 
/ o 0 
/ * ( 
a-2 
(-r—r t - r / ^ w / % Xi—2 
at a 5S^  lovol of oicpolfioanco* 
sacn the OQlculotcS valuo of ' t* i c fount: to bo 
Cheater thiai ti*c tabulated VGIUO of *V 2.t 5iJ lC57ci of oijai« 
ficunce Q&a for 30 Oi.* 15 Qot^ roo of frootlout 2o i c rojcctod 
iadiocitliic; a el{:?ilfIc-ut v:^tio of r , v,.iioh uc-ac a o i^a i f l -
c^int coi.'. ol ' itian bot'.rv,cn the valueo va^c^ oa:aLlCoi.'Litioa* 
;.licn the oalculutca valuo of ' t * 1L leco tii:ja tlio 
tubui t.;. V luu. Ho lij. jtcco^tca indicc.t^w3^ tiiut tae-'O i0 
no ciijnifleant corrcl-i^iur- beti.ocn tuo tiaontlticc; uat'cr 
coiiolJcruti..n (rabulal .a value oi t a t %'i l * s . o 2.042) 
lt*4.U.^AJU«W».*4 U4...-..A** •». A^'i^*fH||'tf*''''''^'''*'i^'"*'"ii*i? 
Tho piionout'Rtja of av'-ux*,.tii i o- Oi.'..,.'ii4c cou o^muCe 
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Stu^lioo 0*1 t4.^ ace laotole fxco a l l tao mo_ o lupoz'tont 
la vlQw uf .Uijarii Uavint: boon oolcctefi ao tlio only die t r i o t 
i a U,i\ State for Intcnoivo A ^ i c u l t u r ^ iJ0volo:?acnt P*o;p:acijmo 
oaa on accwiiSit o£ i t o IJ-JTOO allnoliao, callno anil barren oi'O-iO 
or tst/or roilo i;hicii need lap*.'Ovcmont« 
5?iio invootic^iticao acecrlbod in tUlc tUoLlo Uovo been 
ccr:.lca out f-con tfejo caiclco* SSie f i r c t pai't of tiic thooic 
(3oalo with otudico on tho fiiutrlbution of trace olomcnta in 
Allijirh coilo* Cucli DtudioD have boon con.led out oztcntivoly 
in tlic i^art o«: jomo t ollu of India ond tae t:ovlC and imve Q 
ji'CQt pract iccl end tlioorotio:il value 4n the luri. ov*. M.nt of 
jo i lo* iiowcvo '^t ii-yc tiio u:)proGc]ii iu tou^ids 32 ocu^lcc 
colloctca I'rjw ti*G ty:rjlc.il ooll profllco o£ iiil^vrh ci^ti^'ict, 
Bt**, ice on «-iic^ li^vo not bocn rojoitcd -o Xa*:, U-iui; c to t lc* 
t i c J . metliats or onalyolo correlatiuno ooofficiont:. ;;av^ bobn 
developed between tlic ^.iiyalco-cnciaical proper lieu o* tdie . u i l o 
:md tliu t^aoe olesiente* 
The secof»o .jott of tac tkcsio doooiibcj ti*e rcculvS 
o*." u we iurid auntal invcnti^i.tiuao c -i'. icu out oa the i n t c r -
actlens: or rLuiC i^iY. olay^ v;lt.i niuooiao. Under t.^io .)w*'t 
.iXt' iiiolu Gi cl c'wXO;u.oU'ic I.ivcetlg'xti-n£, tivc i..itlia rnd 
desorytion procssoer,, at: well .le X-ra^" >^d tiie-uttl inV'^atit,-:.-
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t ions on cloy-orGanlc lntcractiono# Tta c^dcf objective of 
thoco jUyclco-clicnical inveoti^v*t.i.uiiO on tiic IntciractiJiiO of 
nicotlno vith tUe ti;o coot iDi/ortant ocrioo o£ Ixomolonio 
ccid -jnG hcDc oaturotefi cloio v i e . , montaorillonltu onfi 
i l l i t o uco to obtain information on the otoloiiioraotry ol tiio 
rOviCtloao under <3iri*oria:; concHitiono of iiH tm& hcacu to obtain 
G Qoi'o c lear im3 era tannine of tlio acoacnioa of adooziitionf and 
tao spQCificlty oi the dif iorcnt rocictivo oitc:^ in ciantao^?illo-
n i to OiiH i l l i t i c clGyo, Moorption otwUoc on cttinfiard clayo 
h'zvQ often been ciufio cunl tiio natui'o of d a y oroLinic bond 
invootio^tedi but tlio infoiTuation uv-.liable on acJcoi\tioa 
mocJbanico particuloi'ly in tfeo ax-en of ofiiie-om'faco clicmictry 
ID c t i l l iiiatloquato onfl noodc iavecti4>ition. Aloo incii?.<lcd 
imdor ti-lo part io a funfiGaental lnv.<oti£;L>tlon of tiiO tlio-'i-.o-
dynamicc of cobalt ( I I ) - eodluQ excx*.jni^ © on montuOi?ili.Oi.ilo. 
The thcrmouyncwic fornulatlon of th lo oxciijnL.©»e<4Ullibria» 
thouch not very ucoful from tlio ^joint of view of oockint; 
infonaation on tlio physioul oaucoe oS: tho babaviuur of t^iu 
oyctom und oii/thc oechanicu unU forooo of adoorptiun hua, 
iio'.overt ti*o atlvcjitcje of being thorkioaynowlcully oxaot. 
Tho eubjuct taattei* of tiio thoais ontitlGd **i^oioo-
ohcnic il and Traoe-clcaicnt otudiec on Clay., cuid Lolls" iiiiO 
been divi efi, for the ealrc of oonvenicjaaoo, iu tlio iollowlng 
croups; 
( 1) i>i?ofile dlLtrlbution of trace elemcato in Lome tynioal 
•5 
s o l l 6 Of yai(jarh f l c t r l o t . 
( 11) J?h^clco-chemical otudleo on the I n t e r a c t i o n o t n lco t lno 
vilth m>iitsao£>lllonltcs» 
( i l l ) ^^e loo -oheo lca l otudleo on the i n t e r a c t i o n of n lco t l i i e 
with IXl l t e s* 
( Iv) fhemio^ynQinioQ of l ia-cobalt ( I I ) oxohonco on ctontc^orl** 
XIonltG* 
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Of tiio oixtoon eloiEcntc lmo«a to bo eoeoatlcjl for 
plant oafi olorcjIari^^iniLo growth* covon OTG rciulrofl l a ciach 
^ l a l l qusnti t ico that tlioy oro caXled uioronutrionto or 
traco Gl6ia;!OtB. SSioco Qi»o irony aaacijaooo, sino» coiij^t 
boron, molyMcnum and chlorino* Otiicr olcnuntc oach a© 
oil iocni vaaa3ius ond oofiiuD appear to bo IioliSJTul £ov ttoo 
Growth or cortoln 0]>ocioo# S t i l l othcro oucU oc cob.'it» 
iodine anil flouriao fciivo boon ohy;.i3 to bo occcatiol for 
cniBDl tiTOwth, but aj?iiarcastly not roq,uirod by tao plonte* 
Hicronatricata have bcoomo o£ uoko tdfioci^road 
Cwncorn tlurinij tiio paat f i f toon yaarc tua i \;a;. t^-c cane 
oajt'lior« Ono ooiu^on choractoriut ic of a l l tUo micronutri-
onto i j tiiat taoy ore ro^iuirod l a vory oxaiill osouats. /4I00, 
t ioy Live Gil hiiiTuiful when tiio avoiliJblo forae aro j_*Li cat 
in txi-: fo i l i4i lLir{;o qUwntitice* Holybat^itLii, for ci£ii;aii>le, 
laay bt bonofici-il i f afifiod a t ra tec ac l l t t l o ai» I" to 1 
ounoo i»or aero, I.^AIIO 3 or 4 ouaCc of avjil:ibie laolybfienuia 
per acre m^ b© toxio tu isojt p laa te . 
/ts aiii;ht b® expctotod, txi© Lpoolfic r . l r wf tiae v.a^i-
oufj microautricmtc in plant -jxi^ aiicxabial growtii prticeos io 
1 2 
not V(Oll uaCeretood. * Sho mcatire lufoiiaatian availj-ble» 
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hmmvxsr, EtjggeotB tlmt several t race ©XcMea'^  aro ofrtet i t© 
thrau^. der ta ia @i&s^ @ sarsteiss* ^r ^smm^X% mppm^p Imon 
ana EkolyMoiMio ore capable of «^tiiic etc •electron oa^rioro" 
in oasyiao oyoteoo^ i^ioh br iae GbwUt osMation i?o(lactlo» 
roaotione in plants* App33?ontl;' cttc!\ roactloao, osocat ia l 
to f loat ^ov0lopioat safi jsroduotiont viXl act tc^o plceo ia 
t'do absonco of thooo uicronutrlcato* 2iao oaO saascacoo 
also fimcticm to ©ngyoa Qyctcauo wliick oso aeecucaEy fcje 
important roactioa© in plant motaboliaa. 
UolyMmivm ailS mcmgaaese have been fotiail to bo 
©cooatial for oortaia aitroo^Ei troacforootioao ia QicrooSoC^-
nlGa CO fe-ell QO l a ploato. i-iolybacato io tiiomjit t o bo 
0::oontial ioj the proceoo of aitro{;ca flEutioat botii L^-mhlO" 
t i c C3*ia aoaosiibiotlc. I t muct be x^ 2?co©at iu pl^aato H 
aitratGO tm*o t^ ba ootabolisefl into aalao uci^j cmd pi?g>toiiio* 
la oaeli caco EJolybSeaus api^asroatly ia on caccstttiol |Kii.'t of 
tiiQ roQpoctivo onsycio oyotos wliicU f ac i l l t a t co tlio aita-'y^^on 
ciiaa^jo. 
Sine i c thwUi;lit to bo coflCv-\ic^ iii tbc roruatitja of 
ooLi© ^;ruvtli lioruoaos caifi ia t*io i,'©ia?oeucti-*a proeao© of 
certain pi a t e . Gopher i-^ iavolirc i^vMJii aa<3 i a 
tiic u t i l i a a t i o a of i r aa . % bor-iv i^efici«i.;c^ a.o.'eu^u.. tiiO 
rat© of water abaor.tian tmd of troncloc^iUo.- or si^.iXB ia 
?1 into -j^ui iri.a i.-- ocscati-al fa r tl^o cyathcnis of p«^tciiis 
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P^ont aatoriolo tond to influonc^* in a prac t ica l 
XTj^, tiio micronutricnt coatonto of coi lo , pcsi^ iiajo OV®Q cio*'e 
00 tlkJi tlxat or naovomitviontB • OofioicnoiGO of t race 
olcmonts oin frootioatly bo i-elatod to low coatonto of tii© 
Qicronut*ioato in the porcat roolso or iizc^.^^os^tcd parent 
mntorial, Ciellriirly, to^ic quantitico oro cocL^nly i.'Slated 
to at»noH33lly larce cmouato iii ooil forolnc rocko anfl 
minerolo • 
Ao Qlc^t be oxpoctedf the cccat data GVailoblo infliciit© 
that oourcoo of the ©oven oicronutrlcato vary aM?kodly frca 
area to area* Aloo bocouoo of tbo ostrcMely oaoll quoit i t ios 
of oomo of theoo elcaento jiroooat in ooilo ana in rocko, l i t t l o 
io knot^ about the specific compound8 in which thqy cu^ o fuimfii, 
All of the Moronutricnto havo been found in varyiiic; qucnti-
tie£3 in icpncouo rocks* ^o of thea» iron ontl msxxQ:mcB0t hovo 
prominent e t ructurol positions in oortc.in of the orloiiicd 
o i l i o to ffiinarale. Otjiicro may also occuj.iy otruotural pocl-
t ians £ia minor roplaCGtoonto for the ma^or const!taaate of 
c i l i ca to minerals• Aa toincrol dccou^.ooitioa imH s o i l tovux" 
t ion occur, the mineral foitiS of tho t^ioroautricntc 4iro 
ol;an4,,ecl, ju^t -iO WUL* tlw c ^oc of a-iCronutri<mto, Oxides, 
aiu , in oomt c .I.M., Guli^hido of oletiuulc UUJII ac i ron , 
u'jsii^,.ijaj'~.c and aino are furtaed, Scc-^ndari' s i l i o a t o j , inclu-
ding the clny raiac a l e , cmy cjntwJ.n ooawiderable quanti t ies 
of I r m md m-n^ ncao. The micronutrient cations that are 
r e l a^c^ an weathering,- yccurs arc cub^tiot to colloiCal 
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absorption ^uut as aio tho Ca or H loae* Actions caoli ae 
tiio borate one colybdato ciuy cuflcr atoeoriJtion of reaction 
In coilo e i i i l a r to that of tlw) ^iiicc^jJiiatco. Chlorine* 
W4l0h la by for tiio coot oolublc OA tUo Gi«*o»y» ^" adfiod 
to tho uoilo in consiaorablo quontitiuc each year tlL:out;b 
rain water. I to iaoidoatal aadition in fo r tUisoro csnfi 
la otiior uaya Uolpa prevent tUe aOJCicicncsy of ciilorine undor 
fiold conditiono. 
OreGJsic matter ie on icportoat ccconfiai^^ caureo of 
0OQO of tho trace elomcntc. In ur.cultivotod liscoSlXoo tliaro 
io a ^x'oator coacentratiun of ciioronutriontQ in tho onrf.ico 
uoi l i Eauch of i t i^rocoiaiably in tho or^^oiic f ract ion. Alth-
ou;>i the ©l&aonto thuc held ore not cdva^-^ readily availablo 
tu i^ltml'j, tUoir rolocuo tlirouo^i Cecoaoo^ition i s undoubtc€iy 
an i^aportont f e r t i l i t y factor . 
lUcronutricnto are xaowt apt to li£^it crop growth 
under the foll')i>'ing conditions} (1) highly leached acid 
oaiidj? "Oil; (2) Guck ©oiloj (3) soilf very lii^h in ^Hf and 
(4) coilc wiiicii ik^ve been iatuncivoly cropjofi and heavily 
f e r t i l i s ed v/ita Ejcoronutricntc only* 
S^e micronutrient contents ol' ojLi_,imio co i l s are 
dependent u^ o^n the extent of the vachlnc or leaching of 
theoe ele««nts into the bog area an tae depOwitD formed. 
Znteneiye croppint^ of muck soi lu alao accentuates t race 
element defioittncies. Sventually the laicro* ua \tell as* 
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maoronutrients ma^t t>o oupplicd in tiio iOiM of fQTtiXl^ 
ztsrQ i f cood Qrop yicl&e aro to b:? isalntaijlQaia* 
9ho eol l pH end calcium content havo a uorliad 
influenoo on thi3 avaiXQl>ility of a l l tUo Dicxronutxl cuts 
esco^it chlorino. Onflor vcx'y acid Cunditiono, polirMoaaia 
io rcndorcd unavcilablOt uiiilo a t 't3l^j,h 1^1 vulueo tsil tUo 
cationo ore unfavuiu^ablo afi^ootod. OvorliDija^i can briat^ 
about th© dcficioncy of iron* ocmccaaocot s ine , coy tor and 
eva. Isojoa. Such ccnditiOiio occui: In nutiii-o in m.iny of 
the caXcaroouu so i l o . 
Each of the four coioronutricnt outiono ($*0f Idi« 
Zn cmd Cu) CJCQ influenced in a cinaxactui'ictlo v^ oy by t l icir 
n 
coi l oavironncnt. However, eoi'tulu coi l fac t^ is tend to 
h i^vo the ocai;o general offecto oa tiio ava i lab i l i ty of dll 
of them, 
As the pB ie iacreaoedy tao ionic fors^ of the 
aicronutr icnt oationa ore ea^ch.ja^ed to tUc hydvoatidoc, liXl 
the hydroxideo ol tho trace olement oatI;:ic aid in to lub le , 
oome more BO thun others , fhe oxact pH a t w.iich preci li* 
t a t i n occurs vuries from elemeut to elcffie*;t and cvon 
between oxi Latlon otater t,f i i^iven ©loiJient. In en:; cacOf 
howevGi', the ^,i*inciilc i« the uajic- ut IJW pH valuec the 
eolubi l i ty of micronutrient cationc i s at a oaxiiiiuo and 
ar> the pH i s rai^sed, tue i r eolubi l i ty and ava i lab i l i ty to 
plant© dccre-iOe. Ih« d«Qirability of maintaining ^-m i n t e r -
mediate ooil pH i s obvious. 
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ThtQQ of tlic trcoo e laumt oatlims axx) round i n 
oollo 111 ffiore thaix oao vQlonco ottito* ShcoQ aro i ron, ncmf*-
an'"00 anf» co:jiJor, Kio loi/er-valosco otatoc ase c-jiioourcoofi 
by cunaitiono oi* IJW osyijcii oUiilif aua A'olativoly Mi^ Uor 
moiotujTO lovcl . Tno ehaci^co rrwiu ouc vjicaco otato to 
aaotlior aro in moot coooo toroucht about by laicroori^iaicns 
and o^'c^^^o ca t t o r . In coao caooo thu orcjcaicue laay obtain 
tiioir energy fiiroctiy £rom tho inorcaaic roactione, Tho 
oxidised otato of iron, aanganQoc tm6 eoiiiiar aro ijenaujlly 
Duch looo GOlublo at pH valueo counon ooilo tli:::a Juro tlio 
rGducoa otato* For osiaaplo, tho ljyfiro3d.ao of t r i va l ca t 
fe r r i c iron procipltatcc at iM vaiuco nccjc 3.0 \siiilc forrjuj 
hydroKido fiooo not prooipitato un t i l -A pH of 6 or Mc^bor 
io roachod* 
Iiimo induced ohlorocis (ix-on defioionoy) in fu i t 
trooo lK,c been found to bo enoouracoU by tbo px-oj-onc© of 
tho bicorbonato ions* Tho ohlorouic aparoutly roLUlto t^ou 
iron doficioiicy on Doile ^ i t a bii;h jiU» lii oowe way the 
bicarbonate ion interferoe with iron laetaboliiJi* 2iinOy 
cianganeoe and iron iono ore found av in tegra l olfetit^tc in 
car t i ln oilio:.t@ oiayc, ecpuoiuily of tho 2 to 1 type. 
Doponuint. OJ* cunditi n© thnfie ions ma^ ' bo rclc^»-c.u firoaj 
tLu oluys ox^  they may b© fixt d by t leo* Siiice tUe t^t JL 
quantit ife of iron and mun^^m.'23e in ', . o i l i^ coTricicatly 
large y tae fixation of t^iese oleraeats io oo£2ev;uj,t more 
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aeriouDy howovor, olnco the to t a l caount oX thio olooont 
in coilo io ueuaXly qulto small, 
Each of the four mioronutricat catiooB o-vy bo hold 
in orcanlc coobination. lUcroor^jOHi.ai GICO ocolniloto theo 
ao they arc apparoatiy required for simy nlorobial tronafor* 
matiooo. 2ho orconlc eompounyao in vihich thoco trace olononto 
occur undoubtc<3l: vary oonoifierobl;, but they include pro-
te ine , craino aoiQo and conctitucato of hucuo cmC other ccitio 
such ao c i t r i c end ta r ta r ic* itoon ,^ the moot iuportjnt» are 
the so col lea oi'CQ^ic coaplosoo miich are a combination of 
metall ic cations cmd certain orcQJai© 6roUi30# SSioee eoaj^osoo 
©ay protect the laicronutrionto from certain harmful reao-
t ions , such ao precipi tat ion of iron by phoophatoo and vice 
voroa. On the other hand, coupler foinaation oay reduce 
mioronutrionto ava i lab i l i ty boloy that nccoocary for 
normal plant noode* 
On Goilo h l ; ^ in or^i-nlo raattor, coaplcK foraatiwa 
by conur i0 thoujht to bo rajpon^iblo for the dofiolency 
of tliie elc33cnt« Refjulor applications of copper-eontainins 
oalto m:4' be nccoccary fo„' the nornal proCuotitin oi ve4j0« 
tcLticw on tUoao uijh-ort,.4nic-contutnini; co l i c . Sine tlofi-
cicncicc htivo ..Ico been at t r ibuted to reactiono ^ i th crimenIc 
oa t t e r . Advantaco h-ic been taken of the coaplox-foralcfi 
tcndcncieo of cianccmcoc, cop^jtr, zinc and eatseoiolly Iron 
9 in the development of eynthetio coiai^ ountlo called chela tee* 
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Sheae compounde oon bo used to cupi^Iy select..^ nicronu* 
ti 'isttto i a i^orsc whioh protect tho cutitaac fron com© 
iicroful inorganic roactiuno in eolXs onC a t tho Qomo 
tii>.© tiio cholated au t r iu i to can tio u t i l icod by (jroyinc 
pi oats • 
Qjo work floocrlbcd la tiio present ciiaptor deolo 
with tho traoo olomcnt otatuo of the tyi^ical coilo of 
Alicorb d lo t r ic t* Saapleo froa tiio v;hoIc col l prof Ho 
in each typical caoo havo boon osxiiaincd in order to obtain 
prociuo Inforaatioa on tho t race Gleooat d la t r ibut ioa in 
tho VQrl:jus horiisoao. 
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QiJiiiUI. B^CiqPXIOIl Oh' i:a^ AiiiaiUtH HQXh^ 
The otudico deccriboa In t M o chaptor doal u i t l i 
the t raco olcaoat etatu© of tho oo i lo of AlloarJs d lGt r io t* 
A b r i e f recuuao of tlio d i t f t r i o t und i t o ooi la l a ^jivca 
heroundors 
Al i ja rh covcrc tm iuportaat a rea cmcnt; tho d i c t r i c t 
of Ott:ir iVaficob. 2li© d i o t r l c t l i o y tov/oxdc nor th of tUo 
Ocnsa-yaiauna aoab within tho p a r a l l o l c 27**29* tmC 28°11* 
Jlorth l a t i t u d e oud 77^29* anil 70**3O* i ^ t l u t i t u t l o . Cho 
fiiotrict in of f a i r l y bi^j e l s e with an aroa of 1950 oq,« 
m i l e s , I t c a l l u v i a l flcpoeite havo a Gd"tlQ olope from 
Ho*7th-W'Got to Couth-i3act» fher© aro ccvoral n a t u r a l Cei^u-
ocione anur t frora thcco fui-v.efi \ tlio r i v e r va l leyc vmu 
drolaaijo l i n e a . SCopograiihically the a i s t r i c t prcceato a 
troatjh l i k e axJi-'carance wita hit,H Cji^ja unt Y_;i&una bunks 
a t the oxtrerae r ims . I t hae a 0eai-d©i>ert tyi^o of clljaatOy 
tiio Iian45*c fac tor for the t U s t r i c t t>©iu|^  25.6 li^ a per '^C 
and Hoyer't: H.O. Quotient 76 , IlSfcio oo i l c of t he d l . t r i o t 
a re u l l u v i .1 u l t a l i t t l e ICw i^chln^ m-^ Ci.nsld0r;ible .^ ccuffiU-
lat l ; , i i o* wOltiJ on the . u r f c o a . Ihc al-:.uvifJL bt5t.e Vax'yiii^j 
from rodtiiuh brovsi to ^ch e^oy in colour i.ass thx'ou^h huoce-
BtiivQ loye^-n of li 'uu, L.^6^-nilt ani' cic^' v.ith occar ional 
ooapaot hki&ij oi k^Mkjx of on indurated chai.'aoter* In come 
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plaooa p i e o l i t l c email coacretiono or bydx'utod iron ojKifio 
are £o\m(l aiGceminatoa la th*j uoil tcCc* 
Suit problem In Ottar Sraclcch wac r^cognlced as 
oorly oo 1676 and a cosEilojjion wao oot^to invcstlc^^to tho 
flotorioratl..n of eoilo In Allcjaxh d i o t r i c t viiope a voot 
area of over 3 o i lUon aoroo (about 15JJ of tho to t a l ) 
conoloto Ox barren londc. Leather (1876) chovrcd th^t the 
Injuriouo ealtti whicii wore tiio dccoQi^ocltlon produoto of 
ICQOouo roc::D undor nattiral woathcrini; prooooccc cjiC \ih\Qh 
CGuood dana^o wore proccat in tho co i l prof i le i t : :oll aad 
thoy bocQiae evident on tho ourfaco layerc under ©crtoln 
conditiuno l lko a sooi-arid oliiaato, a hard kcnk^r pan 
and temporary abundance or humidity- latorsporccd with dry 
i.^riodo. Ho called ouch la*idn ao •Usai-', Goil factors 
in tho diotiiet ouch a noarnoiji: of water tabic end or 
impedoncc of drainacc duo to tho h-;xd L/iakor pan caucod UJ 
intonsiflection in tho area of 'Uear* patches;* She •llsar^ 
r e c i t a t i o n c o m l t t e e ' ' of Uttar Proflech (1940) roportei 
that the alkaline conditioru? ia tho ^ollc of tiks d i s t r i c t 
were iu_JLaiy due to oodlua oarbon>^to oud bioarbonato. 21ie 
alkaline l.^^jrc extended oa a average to a depth of 5-4 
fee t . 2h© dictr ibut lon of sa l ine uoi io , thjuj;h coiajm*?a» 
t ively iGtiJ aljo CMvarcJ a cuaeidarible aroa» Thcho ooilo 
we.'e charaoteriued by tao procence of ifodiac: chloride and 
oodium sulphiitc and an open toxtu^^e and ejd^ted in a s ta te 
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of rXoociaation. fho aLIsali so i l s cotild bo clacoed as 
•oolonoto* and the sallno ooilc ao •ooloa-eiiakc*, 
Accorainc to tho order of tho c®n-oooo of tbo 
principal ooil typoc, the fiiotriot of /jliGorh Jaao been 
groupoa Into DLK natural co i l re^io^o GC iudicatefl on 
the attached col l mc*p^ ^ of tho d lDt r ic t , Cvldo figure 4 ) . 
fho chiof charactoriotico of thooe collo» as InvcotlGutcd 
t i l l th© ti.,© of imdertofcins tiic proocat v/ork ^ or© 
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Accoj-Cl.iij to uxi ciiiiOEij t-aalyci;^ cx i bo no b e t t e r 
t iitn tiro ..jisiplo. SSiio ID a l l tiic ooro t r u o in tile c o l l e c -
t i n or w3il ociiiploG. 2iie co»<J^al tjroblcu of uo i l £j-japlii3{; 
lies bo a LUWairi^c ' by tUa *iOJOCiCiti-in or *\>£'icultux'al 
id. 
Chcoioto ^ i.ii ful louoi 
*l3i V i c of the v i jx iab i l i ty of u o i l o , i t ccoac 
iDpouLiblo to dovico an ontlu-oly ca t i c f^o to r^ oothod £ov 
oaoylin^;. I t I c obv*ouc t*iat tUo Cot.-iio of tiiO pioccfluro 
ohoulti liO CotOiuii-^ctl by tiiO i^ or^^o^o Tor ;;iilc»i tiiO ciiLa^)lc i ^ 
lhi**i.iit_; t a c c o l i - c t i o u o& .^oii c:iLsO...'~ arrciiaciar 
ficrcvi:;;.^, tl.o iunortunco of t /tia^^ ro.;.cuuiita'*ilvo ecu oci t^ 
V :iii iofi v;^ « iso t l a ciiric: LiH, v,^'i.iLi„Uw, iu co lour , to:.ti.'jLV, 
c.la{>c jriti c:'0;) Iiiij a t toi j jc \,c.^ ,^11 _i c^uat^li ' c^.it.i..Ci*cfi, 
Tx.c ;>.i.^ -w :;j;r .tiiUi' o.i^..aic f^.,ttai* «^^ -ia **oajvod froa ta© 
. .urrxce. iTue d i i \ c r e a t e:jf-pl ;^ Vrerc co l lec ted froa tii3 
ira . . j c i t i o i rJ bolo.. up t t:v. . e.iti* of 0 t j 1i32 CHL* 
V |,irii)l|i|Win ;iM i n n WINII MM, MilWiMIWW—IwKi* M t.i,t^.'i. A l t 
2iii£> r j i l 1^ t11.-ti.*ibuteC iu u :iari.ow Lcl t o2 mo^iit 
-iuvi i t r lut DI t'ae Qui ,^ i:* tx-o aoxtii o^ . l c -a c-*x'.-er of 
tuc 'i^t^.'ict in toiiwil \ t r a u l l . Inn Lju.4piet were c j l l c c t c d 
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froa tiio f i e l do In tao uoiLlibourhooQ of CcuiCrra btiG-wtiiiiO 
about ti'/o riarloni^G froL tho r i v e r Daili. 
ffiiio Doil covoro aliao^t the c n t l r o t o u a i i o£ Atraiill 
esicept for a tiSn ctrij^ oi Q^m^i: iih&ClVm 'Aho L,zu.ploz Tor 
txio jprcwoat lijr: WSL coXlcctcu r r r a js-'icifw iu v i l i c^o 
Datav/ali on tiic All^arh Oaakra iloa<:* 
Siiic c o l l occuvij i:?itloXy i.i tbo ecntr'-JL loij-l^ii ic 
t r a c t c of ta© t l ^ t . l c t lu toi);-lX iiotl :*ii t e h c i l AJilianSr^ .; o 
=^?iQ i c uncor la ln by a th ick pan of k-ii'E.x,i'o-:i3l;v^ wt oome 
s::^ JIC'L wae collcct;-d frcij tiie boi-'rct. ficit'C. aroxmC tho 
a l 1 j a . h onl vc *. ^  i tj.* • 
Iho woil Ic taaialy tUutr lbutcd 1*. tu tchwilw of 
H.C: c.A^.jl-w v/orc co l l cc t sd fvou v i i l ^ ^ o juodlia. 
13iy ov rflowD of Xamua:; i n tlie cxtx'u-;© aorth-v,etit 
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of tlio a i w t r l c t hue tjivcn i-ito tu the ro raa t ion o£ t «ic! 
s o i l in 2©h;*il i^sair* Sae co i l i.- h* s-tl \jkta clotldy wtruc-
tyro uaC i^ctc pudJlcd u; uacn v;ot. *iic uaaplc:^ V;G*.'C col icc-
t£.tx i'rco tlic villaj^o lai-pal cituatofi oa tue ba-ilt o l YuauaQ 
r i v o r , 
6 » iUjjyiutvh i 3L^ *^  V X •• Jt»UiiJ»j lf*UiUiJti tU4ii.-lU 
She t r a c t of lund conti-inlxi^^ t-i ic c o i l ty^o l i t e 
p a r a l l e l to the i'^xioii- i u u x i r i a ta?, foiiu oX aoi'jov; bu l t 
al>o*.t c i r Eiiloc v/i-G, Siio i.wil iv^ aouaciated v-iti* lianit*^* 
aoCule*. and i c o l i ^ a y s t i f f . 2he eccolcc troro co l l ec t ed 
fr.ia J a t t a r i v i l l a i o l a t u l u i l Kliair» 
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B X j} ju i i I It *j li jk 4k 
A.4i^ LxxilU u^^  Cu^ .A/uC .l\Jl^i 
She Gloctrictal coMuc t iv i ty uac EaOaLurod a t 
30^1*^0 with the holp of pi i i l ipe coRUuctiviti ' toritlLO aatl 
d i i ty;j0 c e l l . A 1 s 5 c o i l t wator r - t i o LUCji^ cj-iri .n 
v;ic ULOtl fo r the cbove puipoce, Tho r ^ j u l t c ol>t::ii..c€ 
arc i'oco.iletl iu tabloo I I I to V2I1, 
Tho nil v}^o rocoj^ctl viith lUico -^* ootor nodol 
i»1-10 x.ith ^ l^so 2.ad o^tu-atot] ccULoaoi ol>.ctr dOL. UwCeaMy, 
A 1 I 5 0013. t uator r.^.tio cua^c.zlcii vxtiL u^od Tor Dot.ja-.'ifAi; 
ti]c Ei' of tlio wOilo. STao rocu l to obtdiictl ai'o rocc-'dGa in 
t ab le I I I to n i l . 
ThQ ljT.re ©xcii.Mii,e C-,:>aclty of the c o l l s v,-ic clotor-
miiioc'^  by titxu.tlDa by the xaotliod oX Gru*{;wli» 2n t-^.I.' c;.JO 
.-- b i,-'^: ' .u,iplii oi til' ^ r Ci'lcJ ^ j i i „:ii; trc^-teu v.lth 
0.2J aCl t i l x a c i 'Uc , eh ten Tor li-.iX aa luur aij,< t» .n i l l * 
tc-"0''' lai; a._u iiucun.i- r i ia .c i t i x i IL- TiH* tt- :. iv f ree 
from chlori t 'e IDJ.. • I^ .v reuidae .„*. t r ..-i.eA.vcC frcxu tac 
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Buclmer funnel to •: bro . ior -nn a oub;ici.:.icn o* knovm con-
cen t ra t ion pr^p' irca. I t *;ac tlwn t r ea ted u l t h tho ia'-.o 
^olumo or a £iat*arated potaceian co lor ico co lu t ion , D.i::'.'-on 
for ha l f an hour, onC l e f t ovorni{;ht» Eio OECA-^ tj^ cd uciult^ ' 
t.ao t i t iUtcC v/Ith ct indard 0«1W ilcwK uci.:i^ j,i*onol^litiialcia 
,u I j i t lcator* J?roa tUo aiaount of UJJd ro^ulvcd, tUo b . c . c . 
of tho woil woo oa loula tod . Jhc rocu l to o^tai^icil £0*: tuQ 
l>-jiL.c oiic-ionijo ca^^-city ero rccw.4«cu Xn tabicc 211 to V l l I , 
SSio CGlcluo carbonate content oS tlio colls; wac 
ti' torei-.od by ta":lnc 10 sr.-Do of cacii af U^v - . ^ , l o on '; 
Buclmer funnel , ^ o or^aplo Wio varhoii wltn Oioti l lccl v::..ter 
t l j .1 froc froin ciiloric'o iono. I t LCS then tr.*4i^for4.cc to j 
Cvu.lc.:! il -JiC, t-'oataU vv'iih 50 Dl af IL i*Cl, Ljitilscn and 
'ooiiccl en a j torD bi.tii t i l l the :.OwCticn v;ai; over* I t w A_ 
t.iCjT, cool'.c: tv ro*a toa,^  crutu-ire ant bjcl: t i t r^ i tco with 
1H I-iaUn u .in^, phcnolxhthalt-i*: >> . a - i c i i tu r . 'xhc cnti j,,olnt 
uviv. rcc I'.ed .u-n tne iUiA colua*' lior^l tc».> fo?/ 15 i^cco.iuc 
on Bii-»^ing the ^o lu t i n s . The ret-ulvw £;j,*c rcc.^*v0il i*i 
1 bit' . Ill It VII I , 
For t r a ce eleffiont-JL ana l ; . ^- c u-j x c '„c^o e j l l 'C teC 
I. ;iiciM^ ccjr lbcd fi^oa ty . ic - i l -vilj. :)roXiicr o« i.il_.j,-h 
d l . U i c t . i?he follOrtl.., me'w'4 cu uevQ adepted f i« t .0 ©. t i -
iu . t i :n of d i f fe -on t e l eaen te , 
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RoagQntot Ourcu!Qifi-ox:jllc aeiii r o d e n t (0«04 c^ or i ' lna i ly 
(jroundod cuircuiiin ^ 5 ^I^OM O* o::«iic aciu In 9i>j3 e t i ia i ia l ) , 
95/^ otfaanol aAu boron otaafiordo, 
16 gi'QC'ed.g'oa For the outliuatlon of . ,atcr colubio boron, 
10 c3E*^ "^  -iQil DOiiipleo vjoro VJCIO^CCI out l a tulL^bl^c CJI«' ttio 
thiublow wQi'o tacii placcfi i n tlio co;:iiltt UwCCffibly, iioroa 
v;:io then ont-actofi witii cor.uuctivity . a t ; r hc:*tcU i a tho 
fiao'jt bolou* Sfii© or t r a c t v;n,o tj-:nD£cr*.*c«.] t.-» a 100 e l 
iPleult in otiCii ceoo, 
5 CO oi^  tliO ab^vc uolutioii WCIG tolicu in a $00 cc 
boron ticc b02lter, t lxn 4 cc of curctujiu oxal lo cciU 
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roccont uac cd ctl JH^^ ml?:cC ' . ;0l l . r i a : - l iy t'ua w^^lutiun 
v;ac oviij, 0.^.t -. lo C.^jxiv^c in ail ovon ro«juJ..ilct a t 55-3^0. 
A col urcd cubDt:mccp ru».oec^.ji laj , dctrclOiJcu clu^liio '>'iiC 
ovUi^orati/n lim"! ciryiii^. 
She boa'icr cuntaiuintj tUc Grititi re:-iCue ua,£> coolcC. 
t - room to:%eraturo aaiu t a c roc-iuuc fii-.wolveC. l a liS'/" etl*:aol 
ajiKi r i l t e*ed» SIhe ab^Oi bonce oi' tho l o l u t i ^ n wac i*cc>-uefi 
v-iti. XJUUCC41 uTiu iiocib t j ec txoa ic '20* -.t -. w;.,Vw length o£ 
5B0 au , /I boron :>tauii,„ '^d cu v© v^ .w Cv-i.*ilcx- ...i"v._La.*t:*" i n 
t.t uuiiCCutr-.tl 2: •jL'^a.^e ui 0 t,> G4 ^ vi< c fi^ujuO ? , v;;-:V^ 1» 
Ihe resui.":;^ 6Valua.t.J icj.- , a t t r Lviiabl . bor.;n uio oivcjn 
ill t a b l e t I A to XXV, 
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iUx'^ kii CoB o^i'x' 
Chlors-jTOiiu ^ncl cobal t otunuardc, 
Froceaurpt A 5 c^on co i l ocmplo vruo dicjet^tcU LltU 5 cc of 
60/"^  por ch lo r i c ac ia anC 20 oo of Ifi bCl no- r to boi l iu; , 
point for 15 o ln t a rcc cnC then f i l t cx 'eu . yac ro-it.u-j o^ a 
tiio f i l t e r paper bao careful ly wcLbcQ mad the f i l t r a t e 
col lec ted in a 50 cc vo lunc t r l c f laok cau <2iluto<:i to car l i , 
10 cc of tho above e x t r a c t U-O trcctcO wit'a 10 cc 
of c-LtHuc* c i t r a t e Luluticn az. i txio H aC^uiJtcu ta J.S i.lwii 
tue help of 2J i C l , 2o tliU Lolutiou 10 cc of 3/^ liji^ •'^ '^  
adiled and colour ccvtlovcd with 2 cc of 1*nitroco-2 iia^^htiiol 
col l i t ion. 2ho colour waa ca re fu l ly 02trwiCte<l d i th 50 cc of 
chloroform, 2he chloroforu layer wao ivac^uea v;ith bCl LJ;J 
then with 2IJ naOIl. 
TkQ chlorofor-- jh i3u \taz u t i l iEcd for t a k l a j 
,'-**j>woru;uic^  ui0 .: u r — a t u - i a ^ Bau..>i» aad Loi^ l) Ojcct-'aniC 
*20* a t at wave loat^th of 530 mu, .x Litai;ti*\rd cu-.vo for 
cobal t waw a l - o nrc, .i-cO in tlio 4.ui:^c oJ 0 to 70 jpo 
viuu ri£;ii..'0 5» curve 2 , Kio rc^u i tn f.^ .. t a t a l c j b a l t 
iji Alii^orh n a i l ^^'ofllGc arc t;Av<-ii JI'I* tauxci^ AV tu **A, 
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noafio.xt :» Blj^OLti n cliitUiO (tOO cc o£ C0,-> i*CiU. •«• 10 cc 
oi' conc.il^GO.), coiiC. Qi onia, 1#* soLluiu Oiethyi i l l t l i io-
ctzrba-'rt^ 'j.t.o, 25i^ GEEaoaiuia clilorid© tiiiC cupper Ltaf.da*dw i n 
tiic CZV.G or 202.iL OU^ i^- i^, 
^jj'QceflurQi A 5 creau uoi l camplo \,ac t2„xcn ?nc tll(;ooit'u m 
a hot pla'cc uAth 15 ce o* dij^toti ;n nisrturc oi. CM o:.'l;i;o-
^ii^:iphOjic CLOiii b i th t i l l tho ©oil f-j-^ vjotl ;. olc-ir' tvnito 
rocit^uc and alQoct a l l tho ;.eroiiloric aci£ hcd ovano-utcfi 
off. 5?ho rca idus w\u C I^LOIVC: i n v a t e r , f i l t e r e d , an€. 
tho voluLic or the f i l t r a t e tuzCQ tu 50 cc# 
To t5 cc of tao absvu bu iu t iua , 5 cc of 25^^ aLuo-
niur- Ciilorido ilnv cono. vUiinoni-^  v;;:i.'0 -uflotl t i l l tho wOlu-
t i . r b'^ c"L„c noittr?.! to l i t c u o and then 3 firo^c In VZCQCC 
we;.tj -i7:,o ti'ct: .m(' the voliiac ma'^ c Uj. to 27 c c , Zio 
Boi tiori to cci.trifUi,etJ a t 2000 r, a fok* 5 liiindtOB, 
10 cc of tho above t .olutioa tvJiQn in 25 cc pyxesi, 
fj.ai-k, wat; tre:\tet; vJth 1 cc of aai ima t i i e t i i i c'.ituiocciji'-
19 baautr: '' . .o lut i n ;md the voluaic wj.^ © u^ t o the LI r'u.* *i*o 
colour ab. jrl>i.nce w-X tne a j lu t iun wa . t ^ c . .cuc.t.cti . . i tu 
Bauscii -And iiowb opectronic '20* ^.t ^ waVi loutith of 400 uu, 
A 5.t;u'iuurtl cu :& .^ -a^  aaa j drawn in tiit; c:,ncciiti'u,tijn ran c^ 
C to 80 i!.;-;.. oi c i Jp r vide f igure 5» cuive 3 , 21iQ ix^'Ui.c: 
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foi" t o t a l co:ji»or» cvalu ^tta T-c^ tlic ct^inUGrtl cu_vo, l a 
Alic:->*i*. ^Qll ^ 2 . n i c e ^ ' 0 clvcn i n tabloc ^ i l to iiivVl. 
Mf,4.1h.]i?,lq,..,g,P,^ .i2f?£ 
ao-u^ontoi 11* aoj-oniuu a c e t a t e , 2 5 P JI—onia, nou t^ . l _ij:^o-
a iua ..cetutG o* pii 7f OIJ i*Ul, 1/' -o la«- LAL-iiyl til ;hio» 
carbamate aad cop^ ^w r^ AaxiCarCc* 
E«iPP.9,^U^Q' 2!o each of tlio 25 (>ii: or a i r firicd ;;.>il n / o l i i o 
o ^ p l o , i;ci„:iO0 out In a 125 ral conical ilG;^lx» 50 a l oi' III 
a:i^oiiiuij ^C0otato voc atlOcil, Tuo riaoi'iu ucro ^^topijurc'd r^zc 
cli^^ion for ccvc'i:-! c inu tcc it.C allou'cu to ct-iiU ovrox-aic^ut. 
53ic coj.tOiivJ of tlio fl.—!: ueju'C IUCB trcuinforroa t . a 3.5 Ci-
Jbttcimci' iunncl lu .; ieh a n-jict \.li::it-:can f i l t o r paper iUo.42 
hiin boon wt:\toU "by ^cnt lo : ju-ct l Jii. 2iio c u l l bo.^  IcaciicU 
v^lth 200 mi oi* aci^^oaioj t .cotatc adclc. i n Djal l v^^u'^-ntiticc 
-it a ti..-o :J tii^t thv ic*c.iir.t^ j r^or^i ; rc^juirod i t i o i o t 
ja ii iu;% 2wO ro^cci^*'-' "bl.-n.x ; ;crj ru*! \ ; i t i tiio w iiio v.-ij-^'. 
or «A,j.nj*dua 3COtcto» 2ho le- ichat : u;;o then cvax-or^.tc. i.i a 
bcuti-er. 
lUc r c - i6uc i a t ac bea-xr i.au t iCa wotted v/ith 10 u*! 
or ol. i.Ul, ..tJrroC l i t i : a : 'o l ic tu^ r C to brin. . t^ ic tiCid 
l a 4;ooO c-.-at.,ct, ^.C *„J1U11.... dl luteC '.:it*i 15 tal r c d i o -
t i l lec i ..,*tcv, *ciliu..e»i by l ^ i . t H to f i l t i a t i / ; : tj rouove 
s i i iC i - , lii^ f i l t r . . t o i-uJ t u j i.arhla n v/o a c a l l . c t c u l a 
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ICO 'al volLk.otvAc rXa- - ;ui<' u^Cc u.- lu VJXVL .C -it ro^m 
tcn:. icratfro. 10 a l of c c h d ' thu ^;>liitloa::: UCL'C tuaa 
ut i l icec- i"or- t-.rj cL:tionti'"n or av,^il^!;lo e ^ j . j r ..x; i n 
tUo ci-:-o of toW:. c^iv©!?. 2 I) I'CDU1'«'J c ro i\.oj.vuu in 
titblow ii-'itflX to *UJL2I, 
B.Qi}aantf\t ueutiMl lii osr^oniiiii coo ta to , IH u-^^ouiui-i v,uo'la1,c 
of i,H 3« flii 1501, 1.5Jj ortliOihenontiiroliii 'j isolat ion, tO^^  
hydro2;yl.aino liyCi-ocblorido co lu t ion cuC utaailari^^L. of i i v a . 
acoti^to of ijii 3 . lo avjitl uittiuo contact oC %iiO cold Cii1i*.'j.c-
ton t - i - l i tiio :,oil» tivj o-itiii'o ;^racocc ., ^L C iiwlctotl - i t i l a 
f ivo uiaato. : y l t a tac Iicl.T of ^ f l l t t - r i»tt-p. .4 t o t a l of 
500 cc of t.io c::tr .ctont --i^ u'-c j : r 25*0 'ji of t u o i l 
i n oucli. c '^.-o for en t r 'Ct i i \ . ta:^ el;...cnt« 
ovaiior^.tiun on a IWc p l a t e cnO tlio i ron ta^en Ir: aolutiw^ 
t.itli 1 c c , 1 :i dCl r-nfi a i l u to4 to 5 cu -^It.. t i lL t i l l ed 
Ulster. 4 CO of the abovo iiolutfjii lu er.uu c.:i;t' ..ax u^efi 
for tUo Coternination of iron Culorlii«ti*ic.*liy u.iii^ j o*.'t*--
20 
o.iUea-uitliroilr.e 'io colour rcj^seat . 
A f;t,.iiilara cu-'Ve \ifa'j fli-r^t :^r-v,.n Vi'l'U^ t l i : hcXj of 
i r - n t r -I 'IT .• in the a r.ctnt .11'., roui.^i. of G to 7%, i)ja 
75 
ucin0 Bau.::oIi one! Lonb cpoolironlc 20 £Q^ notla^^ ^bcorbuaco 
c t D. i?avcl;:ic''-fe 490 cu, li'on tnc t i ici Ceter;-*iucd in t ao 
G::ti:j,ctc by Tii^ct rcLUOin^ the i ron ui tU t i l 1:01 • a lO;^  
o o l u t l -n of liy<'.'rf<uyi.'-klnc hyirochloi-i*. o IUJ t^ax av.uinQ 
1 cc of ortiho^ihcncnthroliiio reagent £o^ coLiur QovGlopuoiit. 
Abjoibuneo of tbo uolut ia i : - woi- liotoJ c t 420 au c^x tuD 
i r c n co::itcut iii ppu 0Vdla,^ vC«l Truu t_ic otan{l:;r<S cu:.vo v*uo 
ri;^ciro 5» cjui'vo 4» Sic irccultc TOA' tot-iil/^lrui''. a rc -,ivc;i 
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mMmMdt&mm^miSm 
i J . , ^ , 
Depth In cm !E.O,/iaho&/ f pH lO.ii.Cr/lOO h^ CaCo« 




























SOIL g m . I I 
" ' ' '" ' " '" I 1 " " ' f J 
Depth i n CO •S.C/cihoa/ • pH •C.E.C./IOO *^ C:*.Co-
• ca ' * CO c o i l • 
































































































HQIL 2XP^ IV 
















































3?iivclao-choolg_^l._ahB;r0,oterictlctv oX_ th< 
SOlii 'iYPx, ? 























son. *2Y£^ VI 
' ' ' I f i ' ' I 
D©i^ th in cm • E»C,/oliOG/» jikl •O.E,C,/100 ' f> OaCo« 























I?atteat4pa,ftl.,mt^9g laoXttUQ ttgyga,!.??, A3.icfiE& Quiln MHiiXm 
&01Ss 21Wu I 
Oonocntraticii of ooil in the ostract » 0.5 0^5 oX 
VolUnO o f 02Zti*GCt UOCd o 5 * 0 oX 
VoltioiQ of ourcwiiin OEOIIO CJOIQ. r©acoat « 4»0 ©3. 
Doptii in oa 
• r 


























Concuito^tioii o£ coll l a tlio cutecct a 0#5 (iVi> t^i 





































Concontoatica of coi l ia t.i© cmtraot es o«5 cP/5i^ 
?ol«no 0^ oiitract uocC e 5»0 cJL 
?oltino 0^ eui^ cuLilG oaollc uclG rcuj^oat « 4.0 li^ 
r T T Bopta i n K3 *uavo IcTiG'^'Alj.io^'bciico *2oron Lct,i2»*Xiax*ja iii 


































CaacentJati©a of co l l in tiic QJitrcict « 0.5 LM/5 £il 
VoluLio or extract uociifi o 5.0 ml 





























^un, 2Ki'^ V 
curvo 



















Concentration of coi l in tiio cstreict « 0»5 (iP/5 tJ. 
?ol\i2o of extract used « 3*0 eil 
Voluno of curcuQln 0:3^io aoM rcccoiit «3 4.0 Ql 
T 
BO'ith iit em 
-.iboorbunco 'Boron rouS-* Boroa ia ij.^ ia 





















I ^ t i n a t l o a of totu^. oobal t i n Ali^.arh c o i l p rof i leo 
bv opoetgoaiiotenQtrie (1»ai ty«yfp^ o^ a mt^hthQl > OQtbOd 
Conceni^i'atioii of cjuil in 
y©IUDe of DOltttiOSt ttSOd 
Colour cc t rao tca with 















o 1.0 CSi/10 Lil 
«3 tO.O o l 
o QiiloToiosm 
f 








i « i i : ? i 
1G.00 
15.00 




Concentration 04.' coil ia tho on tract 
?oluno of oolutlon uood 
Colour cntrc?otce uith 




BoytJi i a CO t'avo I co j th 
uccd 
'Abcorboiacy 'Coaal t roa - ' 






























iSUlL X'iV^ I I I 
Coaccatrat lcn of co i l 43 tiio c:KtE'cct 
Volun© or t:olufcinii ucoQ 
Colotir cstrvictofi with 
o 1,0 (jz/iO nl 
ta 10.0 Dl 
Bo^tli i : cm 

































QUlJj 2¥r^ X? 
CoacontratioB of coil l a tUo o:Ktri.ct; 
?oXuco of eolation ucod 
Colour extractor ui th 
1*0 oa/IO u l 
10.0 ml 













, —...y.1^ *«»—.««»»«„-«.- . 
'AbcorbJLjico 'Cobalt roa- ' 











r " ^ ' ™ • 
*3iotal cobiO. 







gaUg ^ 4 
aatiaatiigB ftg XQtal cgj^ fAt in •/m..viMrft sail artani^^ 
SOIL nj^ V 
Coacentratlon of o o l l In tho o s t r e c t 
Voluae of eolut ion tiocd 
Colour GStractofi with 
1.0 Gia/10 o l 
10*0 ml 
Oalorofora 
DentU lii cm /ibsorbanco 'Cobalt r e a d ' f o t o l oobcJlt 






















l>y tjDOCtypohotomotelo_i.lgnltg;0iiQ-*2 acii^hthQl) nothod 
Concontratloa of co l l In tho e x t r a c t 
Toluao o£ co iu t loa uocfl 
Colour eir traotca i / l th 
BoptU in ca •isave lon4;th •Aboorbaaeo 
0-30 0.170 
30*58 550 ma 0.220 
58-92 0.200 
92-147 0.2G0 
o 1.0 ipt/io u i 
a 10.0 ml 
a Chloroforn 
f * 
•Cobalt rca-'ITotQl cob a! 














SOIL 21[££ X 
Volume or e x t r a c t ueod 
Voluao of 2^ codium Ciothyl d i t h i o -
Vbltiao of concoatratcd ommnia a<16o6 
B 10.0 ml 
o UO Dl 
« 5.0 Lil 
T T "I — 1 — — — — 
/ibcorbas- • Coy per 
C0 ' r ead ing 
' f r o a 
* G t a i i ^ r d 
'OUTTO 
T 
Beptli in 'Con.of 'Wave lon-
csQ 'ooil GXt-'gthi uLoa 































l^tifflatioa of t o t a l eoi3«c33f in ikli, .irh ncsil n ro f i los bv i;ooo-
JaSfl^toJoi^'^trle (Soi^lum fliothvl tUtbioesirb'imatG) method 
Liilh : 
?oli£S0 of e x t r a c t woefi 
ui^^ IX 
folumo of 2^ 5 cocUuiii Ciotiiyl ^aitliiO"* 
corbaaato 
Volua© of coR«!(3ftti?atofi aiacioiiia 








» 1 ' •' 
'Cone.of *Uavc I011-' 
' c o i l ex- '*(fth ' 
' t r a c t i » • ' 
ess / IO sal*^  



















0 10.0 UJI 
» 1.0 a l 
0 5»0 ml 
•Copper ' 






















mih £XPii I I I 
foliimo of 2^ coflitia ^ictlxjrl <2it!iio-




' ' ' ' T"' 
Cappoj? *2otai co-
recMstlBg *ppor i n 
from * opQ 
otasiflard * 
t 






































II.I »Wllii.iliiPi<ll»ii1i*ll mmti'itmm •HI—E-J 
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sbSiiQ^im, 
SOIL 2Xk'^ IV 
Volume of Q3rtract uood 
Volumo of 2fi aodlum diethyl d i tb io -
carbamat© 
Volttmo oi concentrates aosoala addod «t 
10*0 ca 
t .O cal 








Con.of •Wavo Icii-' 
'soil ox- 'eth ucod ' 




0.4659 440 mu 
0.3670 
0.4707 
1 "' " T'—•' • 
' Aboortooa- • Copper ' 
' 00 " 'roaAla^ ' 
' 'froa ' 
' 'otan€ttr^  ' 
' * curvo ' 




















COIL IIP« V 
Voluno of extract ucofi 
Volume of S^-- ooaiuis diethyl dlthlO" 
10«0 IQl 







coac eat ra ted cymsoalo afiflcfl ca 5»0 ml 
-^ , . «,«,«.^  J-
*Coac.of 'U'avx; l«in-'Ab3orban-'Copper • 
• s o i l ox- *!Stt ueea • ce •rso.ftiBc ' 
•tK-act in • ' *from ' 
*CJL30/1C *"al* * '©taadoird " 
• * • 'curve ' 
t 1 t 1 1 
0,5215 0*0550 9^50 
0.5180 440 au 0^0675 11*50 
0,4821 0.0550 9-50 









30lh £S'P4* VI 
YoliiEse of o s t r ao t ijsed 
folmso Q£ ZP coaium Sio tny l S l t h i o -
carbamate 







• t r a c t in 
l^n/W raX' 
' iraiTQ len-*Aljsorbaii"*Oopper 


























ff^Mg ^ V X | 
soil* ii'i'J I 
Coneontration of soil la tko ostract 
foltuco o2 Qxtract us©«l 
?oXucis of ZlS BoClum ^ lo t l i^ l flitMo-
carbaiaate 
Voiuco of conccntratotl aaaoiila at:4c<l 
B 2 .0 ea/IO lal 
» 10.0 cil 
» 1.0 ml 
e 3,0 ml 





























All i t IW ^ i&nrf...rwiSA* W 
WXD 'Jtt:ui SX 
Concenti^aliilon or coil in tlio ostr-io:; 
Volmo o£ Z',-> codiuiii ui ut»wji'i t ' i t , . . iO"» 
es 
2 , 0 tjB/10 o l 
10.0 Qi. 
o 1.0 Ul 
MMMHM 
'omrco 




























^aih t\L^ii III 
?ol«iue Oi o ic t rac t UDccl 
Volume Q2 25^  co<3i«£i d i u t l i y l Cii t t i lo-
ca rbuoa to 
2 . 0 4P /10 nl 
10 .0 Dl 
m 1.0 Ol 
B 5*0 al 
i>Q^.Vu ill c a 
UwSd 
ibooib^acu !«*> 































itQlia W <^^ <^  XV 
ConooatE'atit-a of c o i l i a tiio cEteact 
?oiwEO of osts?aot ueed 
VoluDO of 20 oodirsD fliotliyl eit j t i ic-
cciTbOLiato 
Volitao of conconts?atcG v':icucaia cC(?.cQ 
a 2 ,0 c?^10 c l 
e 10.0 Ol 
o 1.0 yl 
e 3*0 Ol 



























wipi i—.i—wiiiw miiw 
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Sa^ia,,,^^ 
Coaeoatratldm of ooll in tho ostraot 
?oiu30 of os t rac t uocfi 
Volikio of 20 sofiiuD aietijyl fiitliio-
carbaixito 
?ol«iao of conccatratoa ciZL-onia ofidcd 
2*0 ga/W LiX 
10*0 ml 
o 1*0 oX 







Boi»tli i a cy A7aiXul>lo 




















Concentration of ©oil In the ostraet 
Volume of oactract used 
VoluDO of 2^ coaiiua aiotljyl Qitlilo-
corboraato 
Volume of concontratca osiiooiiia &Mc& 
2.0 GD/tO . a 
10«0 ctl 
1 . 0 Ql 
^•0 u l 
1 































Concontraticaa of uoil in tho OEtj?cict 
Volxjso o£ ostract ucod 
Tolisno of Iijrdrosylcraino liyfiroohlorltlo 
?oluiic o£ 1,5i^  ortao/iiiononthrolino 
Oo5 G£3/5 uX 
1.0 Gl 
T 
Depth in cm 
erCKm-^-j ' ( & . 
AbsorlbciacQ *Iron rua<i- •i ' . tul^iron 


























SOUi SIP.. XI 
Cocoontratioa oif coAl ia the ©xtraet 
tTolumo of es t rac t uoed 
folumo of hjrfirosylonilao ijydrocJiloriao 
Volume of 1.5^ orthophoaoathrollno 




11 "•"" • • I 
Abcorboaco ' I r j n rocfi- •fotal^iz.*Gn 
•inc frcxa • In p-m 
*ot£maard • 

































mxh T^¥£ III 
Concentration oi' coll l a tho os:traot 
Volume of extract uood 
"^oluiao of iiytf.roxylcxmir.0 £i>'drocbXorldo 
folumo of 1«5>5 oi?tho|>hciio&tliroliao m 




Copth in ca 'Waxro length 
• uocd 
f 
ilboorbcmoo Iron r c M - *fotal^ iron 


































Oonoentration of colX in the as t raot «> 0*5 0a/5 o l 
Volmso of ext rac t uoed «3 5.0 ml 
ToXuuo of hydro^lomJUie hydrocHIori&o » 2«0 ^ 
Volvimo of 1.S$S orthophononttooXioo » 1«0 oX 
* — » • • « — « • ' — • — — " H i i i i i « — — M — i i 11^ mil I mil y i i i i •IMMIIIH i n ii ^ i i i i i i i i in i i 
Depth in cm tWav® leiiotbtAbsorbanoe $Iron read« tS^otaX^iron 
• use& t «ic^ from i in ppa^ 
• I lOtandord i 
< • tOUXTd I 
0-28 0.175 17.50 55.00 
28*65 0*140 14.00 28.00 
65-96 490 mu 0.070 7.00 14.00 
96-155 0.420 42.00 04.00 
155-162 0.110 11.00 22.00 
tio 
T^n9 i^^u 
Ooncontxration of oo l i In tho e s t r a o t 
VoXumo of e x t r a c t uooS 
Voliuao of hydroxylataino iiyarooliloirido 
VoXurao of 1#55^ orthopheaontbroXino 
» 0.5 CP/3 oX 
ffl 5*0 mX 
o 2 .0 loX 
o 1*0 laX 
T 
H^i'th In Cffl tfcvo Xeni;th 
ttrsa 
'Absorbw^eo '2ron read* 
*ing froffii 
*cai'VO 


















I l l 
tc^UQ ^^m.11 
soLu snti^ * VI 
Concentration of ooil in the extract 
?oltHao of extract uaefi 
Voluaie of hyaro:qflaainc hyflrachloi'iao 
?oluno of 1«5^ orthophenonthrolla© 
es 




Iron road- 'Sotal^iixja 
ing from • In pjaa 
©tandarS * 
curr© ' 



















fhQ data on pB, oloct^ical coaGuotivity cnC ouloi* 
uii oorboaato content of tho cla profilec vidr tfibico I I I 
to XX liiaic«-»ie tiiut Alioarb callo caxi uowtly ooaio QcJLlno 
(md caloai?uouo. 5aio calcium corbonato content u-o t)cuii 
fomiU to i-ucroajo wltJi ticptU in proi'il;>i- I I I , ? Oiiu Vi en: 
docrcauo t?itii do^jti: 1*: Z, 21 LUH, S ? . ..-'jrtlcul^^ly ii^tviiru 
calcaroous confiitione imd alliallcutioQ CA*U a^.Larcnt in 
ce l l typo I I I . 2hc tcjstuic o^ tlic coilo h-X) beca Totiai: to 
vary fron clay to ajjcitly l0£uii* 
a reforonco to tablco XJC to XXV in^^.ic.tQt tUn-t tl^o 
w a t c colublo boron content of tUc coilc V ^ I L O Tr^a 0»C0 
Pi«a to 11 •4<-. ppa ViTita jr. a-^ci-acQ of 4«5 pj> for tiie ^ i t t r i -
21 
c t . 4ccor6inc ^ Roovoe c t o l ; 0,S5 xia ic t&c diviclir^G 
i i ae tor wii«cr coluble boron in ca-o of nox*ual ana acil'» 
22 
cient f.oil^ '..iiilc Rioiiii'i^e bao rc.sorted a co:iOwntr«i.tion 
iitic jj^^cr-tui; a ounoontrutioB boloi; 0.70 p;sa ar. e;if« far 
Bencltiv© . i J i t a , 0.70 ^ja to 1.05 jjni a.v jaar^inil e."?^> 
^1»l/0 pi*u :i; u n B ^ j . On ti\0 biwir; uf ^ac t4L:.,V0 EOFl*a 
boron content o- f.^j t o l l s Xu touMA'n hi^hcv i i . i to^ /A'L-
lyji:. of tae 'wcll ;.;4tLr fiui. fju .avow af Cii:?cj.ant ro l l 
ty, G.. 1 ^iven in table A/JWIA,, I t i*^ hj a ooiuce of the 
Iii^j. piojortlon or boron Ir t - • ta i l©. iJorotn it j . j : t i cu -
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l^iTly ali^i in ooil pr^j^^lijo X^ 111 AH. I ? '...ilcli iH-^J uliow 
-oor 2>Gii.c.:LiIIt7. ,^ H iiao iJccn found tJu Ii^vo lu s?ol(it",JQ» 
5th© GUtlioro 00uM alco find no relationolilp botxjcoa oloc-
txit i i l ouatSuctivity end bor^a content of tUo co l l ( 
Ya •C«002)» VciriQti<m o£ boron with cation OKOhmGO 
C'i -.(s4ty i " , IiD-jcvLC, quite eitjjairiujat i r a -0.41)* 'V 
oicnifioaaf jt^ocitivo 004.*:Gltiticn lo obocx'vcd botuccn tiic 
c>\lcijo ovraonjtti cuat^at of tao coilr. cii ;.ator ro lu l lo 
boron, 2^iG Ic ia accird.'_noo vjit;»i tuc obaorv3t4ont or 
on 
natlxur O%»Q1» on Rajaotiiaa ooilo* I t io jocaiblo tiiiii 
colcAua CGTbonato tjc^- bo a fuetor w^iicti L I ^ have crnircd 
accu:*:^! Cion of I'jtrjc aiaotmto of boron la iil4L,aE?ii ooll 
p70fil00« 
!£lio to ta l cobalt content 02 tlis co i l s vui^ieo from 
0,0 pp2 to 64 OiM. witli tm avci»a^o Q£ 21.12 pi*ia for till 
...*u u„oi.iAts .'nt- irriu 3 ; r^ to 42 .?^^ iii ca:-fc 4' .'lirfaOis 
ii'iV£. ru. c lu • vuluuu r*iiiij.jQ ,^ i'roa ';,.0 .,>« to CJ,1 ;pm in 
v.-:i.c 0* t oliL ^* «tt.<ir i'rotlojjJi, a l l i i l t ci" Icsa t\iM 
;..!& {)po xi-V b en roun-J tu bo vex^ ^ Ccfiuirnt fu^* o*3p 
^•o«tb ;*«. wiir-i 1 ii^.i-ritx .1 b,/ 'ial-.,i ut al^ 2.5 .^ a^i t o 
fj ,;!••« inoi'ar'.'.tol^ . '^r ici a t uuC c.bovu i;.C Pj;^ ,.,. r.^ti.si.\iO-
ta ry . The cob. l t TJH^U or t u .o i lh 4 . tkuB vroll over 
tuu Cfefficla.xy l l u i t , uxce >t In yoil -irariir- I v: lova i t 
•^cci'i'a r.-- - i t i do,.Hi t t i l or-b-ilt *; n h'^u luan\ to Gxhihil 
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ao d e f i n i t e orc.G*r or d i c t r i l j u t i oa witli depth . A IcTtjo 
accuDulatioa of cubal t lu ooca l a t.io deep loycro of 
u o l l typGc; I A , V vi-^ tl VI :«u<l l a tuo upiicruo-t luyor© of 
c o i l ty , 00 I aaC H I . Molyc lo of t bo data O-J iiic ba j lo 
of co r ro l a t ioa coof f l c l ca tc rcvcalo tha t altii 'UtJi 
t o t a l cobal t osh ib i t c ci{;aificc*sit co r ro la t lono vitk 
colciuji carboac t o coatoat of t i u ODIID trnd t iOir c a t i c a 
oaicaui^o capac i ty , ao cucU roiatloawiil^, lo u v ^ l a b l o l a 
coao o£ pU 0^ the c l o c t * l c a l canCaot iv l t^ . ffiic r ocu l t o 
arc ia acco^'dviace i; i th tho obcoirvati.aic of JioCt' io^ oa 
calcium oarboni.to uafi thooo of Hocl^ y i2nC Uolita*" oa pU 
bat in va.i.iaco u i t J tiiac© of Siatto aaO Siacli ( l o c . c i t . ^ . 
A reforeaco to t ae oaolyoio of i r r i t ; a t i JEI water (viflo 
Ifablo XiiiilX) rovcdlD t l ia t t:*c nourco of o o b . l t la itoo 
Gcllo Iv unrol -\t cl wit.a i r r i j a t i o a vmtci?. 
S!ho data oa t o t a l Lad* QVjll'iblo capijcr (vlfio 
tv...blco iUVXI to k^iCIX) ciiowt, t i i^t out of t a c t o t ; ^ co:>i?sr 
oa i j about 2;^ of i t , o. .ia avui'acei i c i a a v a i l a b l e form. 
Tii:r caur.c oi tiio low a v a i l a b i l i t y of QOjiicr tu^' be a 
Ccf ic i 2iuy of oolublo couple^lAj at;eatG iti L;O11 tu'j& c.Ji 
jcele. ije co r ior . Co^iicr roi^ulroiacat of olusito Vvi**ieu fxoia 
c.'Oi to Ci'cjp. JUuadbald. e t al**' havo r u j o r t e d 7«0 I>:>D3 aa 
tlio d iv i a i a^ l ino for caf lc lccoy of tot::il co r jer , i.iiilo 
PA 
Piper B-dCi^GVila 0.5 pi^ ti -i tJia l iu iO £ou' av.il l j ,ble coipcs.', 
Ua t.^ C' baDlo oi tho. 0 f i a i l i t iS t avjill ii;le cOiii^ vX' of about 
15/^ of th i Lui l aaii),lea lij belm. fac r c i a l 4^;:*iut. Those 
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eoi l s boloHij to tyjico I asid I I :.md iiapj^ea to be •idmcilr* 
lassdc. S t a t i s t i c a l imaly©!© of t^o rcculto of invoctic;*!-
tion oa copier yield a s i c n i r i c ^ t pocitive corrclntion 
( v-o o»510 for available cop^ ^Gr and ^w 0.788 for 
to tc l cop7cr) botvmca copper content aciQ. tho cation 
oschca^e cat»aoJlty ox' t^o c.jiX lAUionJi ao cucij r e l a t ion-
oiiiy io obcorvGd in 001:0 of 2?H, e l ec t r i ca l coaCuotivity 
end percentage of caloiua carbonate. Contradictory fitid-
in^t; <m correlation coefficieato between pil» e l ec t r i ca l 
conductivity, calcium carbonate ooctont LMU aVtJllablo 
copijor have botm octdo b^-different workers " • ^ " • ^ • ^ oad 
hence no definite conclusion could bo &ra\M on tlio r e l s -
tioachip between the pUycico-chcaiccl prOi/Ortieo of tho 
co i l end coj jcr ava i l ab i l i t y . 
!!7h3r0 i s a substant ia l var ia t i jn in tho t o t a l 
oi:ciimi£;ccbl0 iron content of the Loil prof 11 en. M 
uccacate eotimation of the ferrous fortu of ix'on in the 
ai3;'V€^  sriffi^ .les coulC not bo done t!uu to os^idaticn of tlm 
'jmuQ on storage of ti.e oamplee. Prelliainary oxparimtaits, 
however, indicated tnat a Ci>ncidarable pact of the t o t a l 
exchjo^eubl© ii»on existo in fe i^ ic or preciiiated s t a te 
i^nd iience io unavailable to p lan ts . !Liiu acifus to be 
tne resul t of calcareous and alk^i^lino ooxiditi^no in the 
s o i l . An examination of the correlj!.tit:in ooeff ici jnts 
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0,0790 0.1519 0,0862 0.0199 
0.1519 0,4330 
0.43SO 0.0790 0.6728 
0.0862 0.0790 0.0800 
0.0300 0.0720 
0.0199 0.6728 0.0720 0.0115 
0.0115 
( *At 5^ level o£ 0ignifio«tnce and 30 &*£, the tabulated 
value of t lo e^ual to 2.042). 
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ooii £nGi©*::^ tOG that a t 5^ XQ^OX ttL^.^Xi Xn as oic^i ' icsat 
cora?o2.Gt;5.on Ijottroca tota l esoliGOccaiblo i2?on acfi tlio 
variQblco caG i t n^y Ijo tliat ttio iato^i?Qtoa oi^^oot o^ 
a l l of tlico aotoixiiaco tho iron/jo ©r ilroa ia tho co i l . 
ffiiio ID la cijiKKocat uitii ^iaeiLii^j oii' coco t^ s l^xcro'*^ «rJO 
laavo ^opcrtoG iaeoaoioteiit ^toiilts 0^2? i^oa oa tlio ocAlo 
Attcnpt l a iiiiiaiac corroloticsiD botuoon t^o 64^ o^r?-» 
out traco oloccaitD la tSio CQllo r-ovcdu {vtCo tat>lo Si*l> 
tr^at olcM^Ksaot poaltivo eoss'olGtloao o^aiot !>ot;t?oc2i t)oroa 
QZJH GVGIIOIJIO ooi>p*i2?$ ooljolt Qua t s to l C02>:>0^  CO t^cll ao 
Got»aXt CD.C oiioJjGsccdblo iraa» Ho c^ issi rolQ'Giuae^ii^ 1-; 
1. Mmmt A* ^ 1 1 ^ol«i 35» 63 (1953) 
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(1001) 
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CiTO iiicjlilrr . l ^ i f i c m t .-iitl i>or. *( re ln.vo fiovotol a eoi:r:i-
McorjjtluQ 1 jotlicj-ic luivc hoax ontcucivoly uood to cayiclii 
CGuo Oi tho intoiraotioao,^*'' Uorls • 4n tlicjo lv-l)Oi*ator^co 
li'j,D rovealoa t k i t nicotino uaC coso kctoroo^clic^ ccri I>o 
QUCCGCDfully u^ofi for tao olcots?o:::tt-ic t i t r a t io i ; - ol :iolti 
IaL::jito OA tLo otUi'y, tuc uo-a':a4:a o^ t I : ao i a tc rc« t l .'lu 
li*» Id uoot ca::o3, duubtful, toio osiiriiLiuu xK.'O^^ -^ ly rz'icoo 
ac a rc:;ti2t of tuo csJljtOvico or DJVQVDX c«.*c^i«':J.ly cutivo 
cXv^ L^ • Ic*: -r.'o :-v.*ll.cI)lo *or L i tc raa tLa Liit". tLo L,h^-JLkti:» 
ziiiU4*r iator^cv' .;ou5. t.t.;t ortcn .a?l;.o 1'- >L« etiviivniiieEtal 
f iot-..o <1a2.'ln4, t>k..:c iiit"raotii*.LS# 
noilD or India . 3310 u.c 0*' iiicotlrjL* . rr-' ot..»J.* IictLa'ac^clics 
haa ooun fcai^._.c£te(I ~!.r ^jcotial es» tJhi. JL^port-juce oi.* .-licotine 
in the fui;cti-mi5 o-" tuc centx*"a. nc-.vauc £:y»too i.% '^ ©11 kiit>wn 
t23 
a t t-'ie yrcwc;it t i i .e . The u t i l i t y or tlio ylsyalco-chciaical 
lnvcr,tS.k^ctljiiD o:i t^c Intercctiono of alcotliao iritli iiumt-
£sG?ilXGrtitu* r a t a p?rticul.-a? rcrcrcaoo to a£sur^tlun .^ M 
<2cr:ar.,t.'.wii ai? uioatJUie i^: CIJCO, t-ie£'crt;i.'0, c.xk:ot !30 
She ©b^cotivoo ol' tiio yL'ocuiit atuiiy LOi-0 to fcive'j-
tAi^cto t'i© utlDorptioa oi' alcotLi© o,- noic oau; feauo octuratca 
DCuzteoilllonltoo rM tHarroljy obtain iai;oi'UCi.ti*«i oa t^y 
pooDlt)lo litoclioaica of a<l£.:oi'ytlwa ca€ la tcrcc t ioa Qi' mi.'nt«» 
DOi.*lllonltoc 1.1 th niootino. 
contiai»riilo:iito, colloctQd by Ui'«4l:il^ ;-li ^•Uoucc aiiU vcsifiod 
uii.'02? Ui:; Ciroetlon lii tlxo aiaori-lOoical lulJoruta^-.-itsa of 
t.«t; Colu..-ji::, b:ilvei.i!lty 'oy oc»a;iu?lc^oa witii %m ovii^X:uiX 
s.4ia^der f ru j /iCiox l^, HIQUXLUIJI* I t t^ ciS L; aaaoiala«JX'allc 
irmuXe oX t^iH /ywsi'JLoain ir-'etroieiaa Ituritituio'L. i-'roject UoAB* 
Thi3 @f^ ii.;>lo wai: ol}t£ilii@a £rQiu Wardii Hatyr^Jl •y«iincu «^tal)iii.jti-
mcoitylne.t lioo^mstvVfJ^Lmk, I t \sai2 tookon u^ lit t. ioort.^ 
ttsiJil;, a rubber cuverefl iiertl©, 2Ihe 0*4; .nio uut ter was 
oxldified wltii Jiydrotien peiisxieo urn: tho aiKtia-'c t-iXulod 
wifi d ie t i l l ed water. The ola^- war' tinm dlL .^Ttiocl by 
e lec t r i ca l Gtlrririg« 3310 Eus,o..ri a obtaJ.nad ua.. ,saf>fcjs54 
124 
^ ^ 
tiiroyui oliouto of uliriitsann T i l t e r pa.por^ln tiia b o ^ ©r 
" la toraat ioa.a Uhoalccl" Gcntxifuijo at a Oiwoi' or 3500 run 
to retiovo any courco cat tcr* The cxmj)vnBi<m coneictcfi 04* 
<C 2 / ^ clc^ pci?ticlco • 
Tho olcy ouffijeaalaa *^-ao tiica ti-'catcu uitii cuuinia 
clilorido aafi <'lluto iiyarooJiXorlo aoM t i l l tiio coiiO<mtritioa 
oi' tao ctt.>ei?aatoat l i^uM t^  D 211 ulth ronpcot to coaitaa-
ciilorlilo uii<2 0»10 i-;it:i cocijcct to iiartoociiloric acM. 5^o 
yteturo vrac ohaJsen tor Iitilf _*! I^ oa-.' o f t r r u'iicli tuto cinci?iio-' 
tent Qciil cta.t roluticju war jccnovofi £si*c3 t'.ic cl tv rroo/rsu'loa 
by flocoatatioa, S?.»1D trcr.t^cnt wcic 2.'0-*c tc^ t:i:.'oo ti.'.co 
.iTi(' t:io cQSiXL.^ clGv-' cu... oa^'ica tiicn rr-x^G f*.'tJia dlilj-."l.lo i;*.L 
t i l l tho cl;-^ aiDporcea aiid t i l l the QtxuQnctL^it^ oJ the 
oiiDj^.aioios i.aj of tlio coiio oL^cr GC tact of iJi:;tillGC uatcr 
10*'' ulioo/cw, 2ho ousiicsatloR woe otorofi In pyrox cjlacairt'^'o 
Hyai'o;,cxi oaturatcd ol.iy with s^nJi^JL .4>uuiniam u.^ 
rx*o-.ii2?" .u*op.*4*cd vi'iQ ..adi'icli anu Buciiajtia.;':^ uctUocl r^'ou 
tiii: QUS j^ea..lon l^ y pafiiiiii^ i« tiUMU^ ^^ fe ;i ooimaii oi* ii-iioweat-
SOi-i-AQ cation €XCu *Ot.,Q i*ev.iK d^t a OimeC tiX* 3 co jai- «ilaut.Q 
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t i l l til© pH oad coaauotanco of tiio Duopcacicaa teccauu 
coiiDtcat. I t v;ao then quickly ucod fov potentioaotrio 
uitl c.iifiuctyuctric titr:itl ' ; iio ao uoli GO aCoorption t2.:jori-
fflcnlG to avuia cay uj^oini, or flococipo»>itlua oi' tao hy<li.'0;^ cn 
cloy* 2ho c^accatratian o* tiio cujjcacioa voricd :CroB 
0»802 to 1,324 CD por 100 ml of water* 
X*peparQtion of Al*^, Ca , Ba* anC HHt sontiuorillonitua 
So obtain tho aLuoinduDf oaloium, t}arium cmQ. 
auaonlun coataorilloni'uoc, the codiua oloy ouupoaclca uc^ s 
treated throo ti^c:^ witii aoraal alUiiiaiua clilorito colutioa 
in tho caco of aliiylaiun oXay; calcitiQ cblo^'Mo colution JLa 
t'lo crico or Calcium cl.iyj barium clil -.rldo colutic^a ia tUo 
oaco of bariuu clay; onu mM^oni%m chloriilo oolution in tlie 
care of macoaiua clay. 5fhe LUfiiicaci^ JiiB were tiic^a %i!vX}iiQ&, 
fc'ith d iot i l lod watCT* t i l l tho roEiotanoo isi caca cjise i^ ue 
of tho c'lmo order as that of fiictilied water (lO*^ ciiioa/caa/. 
3^0 ouopcacioao ooatulaed approxlitatoly 1*2 t s 2»5g oi oloy 
per 100 lol of water iii ©aob caLO* 
Tho ccnceatrutian of each of th& oiuSjL^asiuj.s u&od 
lo:.- uCuoi\tiOi; expcriutato %-^i. detori^iiaecl b^ evopori^t.ng 
5 mx of cot'ri uX the tsus.-euuiun iii ^ iietri t ' l th of kaowa 
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o 
weight Qn6 dryica t^o reoiduo a t 105 0 oaQ fiiKaiy ae ter -
oinlng the i^ol^t oi' the reolduo* 
Sicotin© woo ffariiicH hy filotillind 4t a t a 
teaporatur© of 98 C and 4 laa yrocouro In oa iner t atmoL-
ijhoro* A otondcrfl colutioo oi aicotiuo t^ ao tiiOfi iii'o^ :^:i*cti 
by diooolviiiG 0,50 ea of nicotiao una LiSlriHu »? t^ t^j 
oolution to 100 ml t^itii doubXo diotiXlcil \:fatcr. SiUxoo 
tbo ooXution had a tcncoacy to undofi-GO docoaiocitica^ i t 
moB froohly proijorcd ovorytlao boforo uoo» 
A Qtaadard solution of hydrochloric acid ©i tho 




Frochly prepared eom j^lcoi Q£ aold ©aturatod ooat-
DorllXonitoo caci bsise oaturated montaorilloaltoo wero uoofi 
for potent ioue t r i e and confiuo tome t r io ctuaico. Sho timo 
la torval between tho p^^oparation of hySro^jea saturated 
QontQorillonito njid oacli t i t r a t i o n woo kept co ndnimtim and 
uniforo ao poooiblo to avoid the of^ooto of duminium oovo-
lacnto in hydroccn clc^ oaturatcd contmorillonite • 
Standc^d solution of ootiium bydroxido woo ucod ao 
t i t r a n t in oazo of faydrocon saturated aontmorillonite* 2?o 
t i t r a t e i t 5 cc of tao £. uurejoc i^i^ a wa" tai^on in ccvoral 
jjyrex cl^ine tubes. 2o each of thcoe tuboa vary-n^ oiiounto 
of 0.103H iiaQll wore aCdod anC tno cuejjeaciono utirx>od 
occctoi nolly for tiiree uouro boforo reoor>.ing J^H mi& 
coiif^uotance. 
3*0 t i t r a t e acid and bace saturated montmoi-'illonito 
Lauionwitnej 8tt\nc!ard nicotine solution wac xiL,*d& aa t i t r . m t . 
Ito 5.0 oc of each of txio 8U8poncio.ic tilzcn in u nuimaor pyrex 
^Ijsa tubes var^'in^ ijaounts of 0.03J* nicotine eouiuiu were 
adJed ani tii rusnonoionr otXrred occaciunally for tru*ee 
hours before rccoi-dlng pH and c:»nduotaiice. 2ho etlriin©- ti*i.e 
ind to t a l t i . a for a l l tae t i t r a t i ons KQO keat as unifora 
OS p o c L l b l e . 
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Iho jpH jstojj&iacQ were rocorflefi with Sedsoon pH cioter 
modol Q, with ooturatc4 calomel cmd giooc eXootrode tiooofflbly* 
Conductivity ooacurcmGnto were carried out witii tlao holp of 
ji?hiXin'c oonauctivity motor with dip typo coil* 
She cation exchanco capacity valuoe of tho clcyo 
an& tlicir binary mtEturoc wero ovaluatcfl from tho in l loc t ion 
points in thoir t i t r a t i on curves, fhcoo valuoo were SMrtLtse 
v e r i n c a . y the acetate ^othod^ onfl tho MX-KUH o e t h o a . « 
©10 rooulto obtained for pH onfi oonfiuotivity mcaciire-
mcnto with oodiua bydrostido ore givon in tablo ^ I X and 
roprooentcd vide ficuroo 6 and 8, curvo0 1 and 1 reopcotivoly, 
Similarly tho reculto obtained for pH and conductivity uoa» 
ouromcntE of acid and base saturated aoateori l loni toe with 
niootiiie are /jAven iu tables ^IZX to ^VIXI and xoproiLeated 
vide ficurco 6 to 9* 
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Sot 1. 
Concentration of clay «» 0.0554 oas/5 cc suspen-
VoluEO or clay cuopcncion takon 
in tJirrerent tu1»o0 o 5*0 oc 
Stronsth of HaOH 
Volumo o f 

















lYoluoo o f 
iv/atcr c£C.cdi 


















tlieq o f liaOH 
[|pOP 100 £33 
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4 • H-montmoriHonit« 
^ A L montmorillonitc 
« H - montmorillonite 
with NaOH 
0 AO 8 0 120 1A0 200 
Amount of Nicotine added in m moles/lOOgm clay 
Fig. 6 Conductomctric titrations of hydrogen and aluminium saturated montmorillonites 
(The dotted curve is for conductometric titration of H-montmorillonite with NaOH ) 
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.ifeUft, Mill 
Caacentratioa of clay « 0«0594 u ^ / 5 ^ 
fiirforoat tubes w 5*0 ml 
Stroa^tii of aicotlao » ©•03II 
Volume of tloXmm oi iIltQ.OJr t ^ of tlio § C^dnoto&eo at 
niootiao t^ Gtoj? udt^cStniootitio § aistisro t ^^5 -,s«« 
ia ol tia ol ipor 100 GO i i ^^ ^ ^'^^ 
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0 AO 80 120 1A0 200 
Amount of Nicotine added in m moles /lOOgm clay 
Fig. 7 Conductomelric titrations of base saturated montmorlllonite 
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Coaoontratlon or clay « 0,0530 cP&/3tX Buapoimion 
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ctifforont tubeo o 5.0 cc 
'•t n i ce t i no o 0-4)5 ^ 
"'1' i ' " -nr 
tVoXtimo 03C files of aic*» 
•water GModtotlno 00r • 
t i n cc ilOO an o£ • 














































































Dotted curve H- montmoriilonitc 
with NaOH 
40 80 120 160 200 
Amount of nicotine odded in mmolcs/IOOg cloy 
FIG. 8 PH titrations of hydrogen and base saturated montmorillonite with nicotine 
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JHStmtmSAmmSmmmJmk 
Oonocntratloa of oluy » O.O&SO Qsto/^ o l ouaponoion 
Volume of cloj? fluo:5oncloa 
tolsoa la 61f£oront tubes o 5«0 co 
Ctroijsth of nlsotltio « ai)5 K 
Volume of 
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Concontration of cloy » 0,0508 C^SJQ/S OC oucnonoion 
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Concentration of clay ts 0.0344 02B/5 OC ouopcnUon 
VeittQc of oXuy euspcncloa 
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0 -^ 0 80 120 160 200 
Amount of Nicotine added in m moles/lOOgm.Clay 
Fig. 9 PH titrations of base saturated montmorillonite 
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Sot 2 . 
2hiu aaoorntioa ©sporicjcnto woro ocxricd out by 
toltiac 5.0 mX of tlio aoiQo cafl baoo oaturctcfl moatLiorlllo-
n i to ouo:oaDi3no in occli ecico in G nimbor of CIGCO ot©p )^oi?ca 
coatrifuco tubeo oaC Gdfilao var^rlno ooncdtratioiuo of t*»o 
ctaafiara tticotino colution Co.05i«) an€t Qxl;3)Uttlais tlio otetaro 
to c constant volwao with diutlXIu^ wcitor# 5!hc tubcu ituro 
f i t t ed oa Q oUakor Qn& oiialcen for thrco houro oc^ cli Coy 
fo? thrco doyo a t a constant ta2;-oraturo to a t t a in Gi^uill* 
briwa. ThQ BiKturco ijcro tlica allm^ca to ooQiiaoat ovcriil^ht, 
tho suporcattat liciuiao ta«oik out , oaatrifu;;Gd mid t i t r a t e d 
t,**tli ctcn<2c.rtl iiyarochloric acifl uciao iaoti»yl rod Ui iaUioatox' 
t j c2tiu:ito tlio ruiiiluol n icot ioo. SiiO acicorptioa oT olco-
tla© v/oc ojt--Ined f oui tlie cacj^jo in conccatratioa o^ ti*o 
. QlutXoa Ijc i'o '^t* aid aftur coxit ot \,lt.i tuo oiay. Cunros 
i.ore plottct^ betweuii otiiilibrluci cjnc'wiitratii^ of jsicotin© 
LU.C caaoloK of nicotine ^corlied per WOc of cl^iy. 2bs 
rCwUlto «ii'e ^,ivea i:i taUluo &uX/L (a) to lilV (a) oat rowQ" 
coated v i t c i'i,,ure 10, cui'vco 1 to 6. 
MIUJ o r &d (i.ui<wCuAi;u>i 
The IL& (moIeouX^r) of nicotiuo ia moatmorilloaito 
137 
euopcnolonQ v;.ao calculated from tlio xolatioa 
iksount or idcotino p@r (kry grum of ulay after oquillbriuia 
UJ3L ta I.. » , - — n ,1 I M l • 
/iaouiit of l i l co t^e per dpi of l iquid of tor ©q,uilibriua 
p • I Sotol voluijo of tlie ouoj^ojicion 
itfoicht of the oloy in the cuo^ciioion 
where P wao tiio VOIUEO of nicotino afiflod in o l end I ifoo tiio 
voluGCr of aicotino in oquilibriuo ouorcacicsi, S!ho rooulto 
are clven in tcitloo XLIiv (b) to LIV (b) vSid rcprccaatofl 
vi;.c ficiuroc 11 and 12. 
Correlation oooffioicato botucen oooufit of nicotine 
c^£orbod cmd pK were calcul-tod ao yor o t a t io t i ca l Liotiiodo 
of analyolo -mC Given in tableo XLIA M to JUIV (b^, 
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Set 2. 
Sablo XLIX, (a) 
( l ) ConcGntr2,tlon of hy&roQon oatm-
tratod oioor cuCiOTtoiois » 0*0662 
< l i ) VIoicht ; of a i co t ine 
( i l i ) litz'cni^th of n ioot ino oolut lon 
( i v ) Ind ica to r used 
( v} Volunc 
( v i ) ffotal 
Vol«iL0 Of 
aicot l i io 
DoXn.acltlcd 



















> of 6uo^ionoion taVon 




icd to t i t r * 
l a to r=„oi-» 
»dual tiic* 




















o 0.50 cffis/lOO ml 
n S t rens 
« Hothyl 
B 5 . 0 Q l 
a 16.0 t;^ 
1 X^ui l ibr ium t iiico t i n e 
- t concent re - tad::orbcd 
- f t ioa of ftii vxL 
•n ioot iuo t 
t i l l U UOiUO t 




































til Of HCi ooln 
red 
f '" 
fJ ioot ino 
fcxcorbod 
• in m c o l e s / 






















Table g.ax (b) 
Continuation of table XLIX (a) 
i(iiiWiiiiiwiiwiiii>iiM«wiiiMii)«»Wi«MBiiaiiiiiii i^iiiiiiiwiiwwwiwiiwii*iiiiiii»iiiiWMiiMii>iwii mtmmMmmmmmimimmiimmm imumwiiriii rjiciin n •mwiiwwi i(ii»«iiiiiwwwwiwwiMiMii IIIIIIJIII ipNi»iiiww«iwiiiiMwwiMii»iia^^ 
Foffccatc^© of *M (soloouXGr) • Corrolatioa * pB Qt tho 






















































S i^^ ieJ*. M 
M&SEMlmjSSLBl99.Uim.M. Qlmk\lM,..f^9iiiB''>i^§^,M9n^2f^Ul^jJ^ 
i i) Cone CO t r e t iyn oJ oluiaiQiua «» 
C i i ) l/0i:,lit of n ico t ine o 
( i l l ) Stvcncth or n icot lno co in , o 
( iv) I na i ca to r UwOd « 
( v) Volumo of ouoi/enolon taken a 
C v l ) 5!otal 
I'oluoo of 




















voluoo of tho a in tu ro o 
upto 
f 1 t 
iVoluue of i i^xii l ibriucii l 
fHCl rectuir-fooiiccntra- tc 
te& to t i t - f t loa of ti 
»ratc r e e l - i n i co t ine i 
idu.il nico* t i n a coXoo # 



































0.0622 C^/5 o l 
0.50 (jys/lOO ffll 
















































%U^ ;t  {\f,i 













































































•^  o 
(A 








^op ^0 U J 6 0 0 1 / s ^ l ° ^ ^ ^! P3C]jospo aui)03i|^ 
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MlQ '^l issd 
( i ) Concentration of i 
cucpon^lon 
3o{lliu!i cloy 
( l i ) ucii^lit or u i co t i ao 
( i i i ) Strenijtii of n ico t ino coin* 





( v) Volume of the ouo.acncion tulscnss 
C v i ) Cotal 
VoXiiae Q£ 
n ico t ine 


















volt2uJo oX" the t i ixturo 
upto 
iVolUDO o f 
»KCl requir-
te<3 to t i t -
t r a t o r e c i -
«au 1 n lco -



















0.0774 L"e/5 u l 
0.50 C^JB/IOO til 
^trcntjth or UGl co in . 
I'lotiiyl ; 
5.0 o l 
15.0 o l 
t Efiullit>riuat*i*icotlno 
• icanccntra* i^tScorboa 
ft ion oi' l i a ml 
•n ico t ine i n t 
trz iEoloo i or* 




































" ' k ' " •'" 
• lUcctino 
laQcorbefi 





















ga^lfi M ,Cfai 
Continuation of table I*X (a) 
Porceataf;© of 



















t ' •' 1 




















' '" 1 
Cor re la t ion • 
c o e f f i c i e n t * 
f 
7 ts «0.440 









































1 • H- montmorillonHe 
2x Al-montmor'illonttc 
3 o Na-montmorillonite 
^ ^ NH/;-montmorillonite 
5 o Ca-montmorlllonite 
6 A Ba-montmorinonlt<2 
10 3 A 5 6 7 8 9 
PH of the suspension 
Rg. 11 Effect of PH on the adsorption of nicotine by hydrogen 
and base saturated montmorillonite 
144 
a^He^^.ia) 
/ideoratioa of n ioo t ine by cnleiiim montmQrlllo^iitQ 
( i ) Concontrati m of oaloium cloy 
eucponoion 
( i l ) Weljht of n loot ino 
( H i ) Stroatit^ or n l co t l ao co lu t ioa 
( I T ) Zaclicator uccd 
( v) ?oluno of tao Quoponaion 
a 
a 
0.0856 i/26/5 wl 
0.50 i^o/lOO Lil 
Gtroacta of KCX colu, 
Hothyl rod 
taUoil 
( vi) 2otca 
mado 
Volurae of 























lOd to t i t -
i r a t c r o c i -
tduol n ico -


















0 5»0 tH 
<s 15.0 ml 
' T # 
1 Bqullibrittiii HiO'^tiRo 
• • coacca t ra - i at! corbod 
i t i o n of t i n Q 1 
t t i iootiuo I 
tlA n jnoloo f 



































• • • • I ' - ' • • ' -
• nicotl i io 
•sdcorbcd 






















ygMQ ^n M 
Coatiauation of table XiIZ (a) 
M (moXocular)* Corrolatioa ' pll of t ae 
• coofilciont * 6UC uL^ji^a 






















































gtaUtf hiu Cai 
( i ) Concentration of oodluoi clay 
i n ) l^eiGlit of n i co t ine 
(iii) Strencth of nicotine ooln. 
( iv) Indicator uced 
( v) Volmie of Enaisonwion taltaa 
( vi} 2otal volustio of tho Disturo 
oavlo upto 
a 
0.1246 eiEQ/5 ml 
0*50 a&<s/lOO ml 
Stron^'tii of HCl ooln* 
Kotiiyl red 
5*0 lol 




i n tal 
'Voluuo of ' i iquilibriusi ' i l icot iao 
•HOI r«qiiir»*oonctjntra» 'adcorbed 
•od to t i t * ' t i o n of ' i n iil 
*rato r o a i - ' a i o o t i n o ' 
•dual n i co - *in m QOIOC • 
M«!feiiiPiff iiiiJLfliii Bijiii I £?if?i3>...fJ><tii.tiCiPi •. 
Micot iue 
auoorbed 












































































































loMfl ^ m (k). 















































































I^UQ, i*;y (ft) 
Maoi^ gAJLcin of, n l c o U a e . by ftBa(^;tAaia.„aflntsflQr3.3Llffiuite 
( 1> Concentration of aciioaiua clay 
( l i ) Uoicht of n i co t ine 
( i i i ) Gtron^jth of n i co t i ne aoXn. 
( i v ) Ind ica tor uocd 
( v) VoluL.0 or ouD^jcncion t::l£on 
( v i ) Total voloL-o or tiio laiiitux*© 
xcdo upto 
C3 
0.OS10 ODs/5 o l 
0.50 twc/100 lal 
Strength of HCl coin , 
iiotbyl red 
5«0 n l 
e 16,0 Dl 
Volmno ot 
n i c o t i n e 
Doln.aeaod 


















" 1 ' ' "-•" 
'Voluae o f 
•HCl rociuir-
'od t o t i t -
• r a t e r o c i » 
*dual nlco'* 

















a . 320 
i t 
• iJquilibrliim* J i o o t l n o 
' • CO ac ciit r a - • ar3 oo rl> cd 
• t i o n of *in ml 
• n i o o t i n o ' 
• i n m no loc • 




































• ad corbed 
*in niolco/ 



















Continuation of tcbio LI? (a) 
^oi'centtigo of 









































' " " " • • "• ' • " • i " ' 
Corre la t ion * 
c o o r i i c i o n t • 
f 
t 
r a -0 .270 













































1 • H-montmorillonltc 
2 X Al-montmorlUonit<2 
3 © Na-montmoritlonitc 
4 o Ca-montmoriUonite 




5 6 7 8 
PH of the suspension 
10 
Fig. 12 Variation ' " dist"-!^ ^^ ^^ ^^ ^ p^ 
montmonilonitc suspensions /wim r n of the 
150 
Sot 3» 
iS&'Si^ *-J^^^"-^.-V*- ..•''IV.OA.i'.'^ft-.jg/ty* *_>**^-J-"-i**^-'^•****yr*AA«21 
Sccoi'pwic:i OA aioot i i io v;ao Co i^c by w:iOiil».^ tUe 
nicotlnlvra olcijr vjltii fiiCtillctl vic t^o*:* 3iu.'I.^ tl.c oai.tcri-
uoiito i t traop Uov;cvoi't noticed tij„t the oLio.uit of bcoc i a 
tlio dojoruotl liDuitl \ j . : ^ ;^rcator i a oatro of lu M>atui3» 
ootiuB, bor iua and cjJLciua a o a t u o r i l l o a i t o o taoo tiio 
uoount Ox n lco t iuo atficd during aclcor^.tion oStJci-'i^onto 
(vide t ab le s i#V to iiVXXI)* iionco tno q u u n t i t a t i v c LioacuA-o-
mentL or the dccoA-^ 'octi n i co t i ne coia^ u^t bo c?.,.ic by hOl 
t i t r a t i a a , Otiior oothodo too did not y ioM DaticX£iOtJx-y 
ATorultc, i'o t i ucc tLo 0i.'i4^i-i UA t ao c*iC cc l>*_cc, wio 
u t iaUlc Qoncv n t r u t i u a vi<:i., **a*' , lia'*^ ;j2tl l!a.'' iu tao 
ouperaat. .^t l i^uic . of tliu so iiim» boriumt cuii ouloiua 
tic:itiiiOj.'iii"i-lleo bci'o-:^ Ldi ."-utir ..' 'I'iltioa oi' aicotiu&« 
var Jc-Lt:ii:ilnu'(i b*- il.;iau ^-jhoto-ietcr, C-Crt;uol.iiit*ialoi4i 
coi&ple -one wietiiod ani: veret>cn- titx'L.tlun rOi..xcv.Ivoly, 




of opsmQuiutL rdoatmorlllotAltQ 
Cone oat j?at ion of clay 
YoloiLo or cloy ctio; uiicioa 
ta?2on in ii irroruat tu^oo 
ts 0*0310 Qdo/5 CO uuD^ancioa 
o 5»0 oc 
Stroastii of aicotino « Strcxicti* oi' UOl = 0.03 J 
' i — ' "' I 
kCl u'jotl in •Xiaco tloco^e'oofi • ^ c o s c baco 
back tJitra- 'on uator t r o - • (iocurUcCl ia 
tiou in CO *citL.i t in * 
o .^ tiio i l l t o ' a UD1CC/1(K> ga* cloy 
re t ! CwiJ*i0S • • 
t « 
Aaoimt of . . ico-
tisio adtlcC in 




























M££&iL^S: fMtf^ g ,„t??pate<->nt QA ftlfioUiRim clog, fiM.pltf,Mfl,. 
Concontratiua of clay 
VolUDO O* c l o y CUCiJC*i:,i3ll 
tcikoja in cliffcrcat tubco 
a» 0*1246 Oio/5 CO Ddwaaii^on 
e 5.0 cc 
Stronctli 0* uicotlRo o stroact^ o-^  ^Cl « 0,03*^ 
. i" ' ' ' ' 
Baco flccoraca* nncoce hv.OQ 
on uatox' tre** aooorbcu ia 
ctcij-it l a • u tiolGo/100 
u uoloc/100 • ciu cXoy 
ABouat or aloo-* liCl u^cd i a 
t ino aCacC in • buck t i t r a t i o a 
m oolco/100 j a • l a cc of thu 





























itmf Jbu'Jlk.' .JiL^lL ji2 
(5oncciit!ratA::n oQ QIZ^ 
Vol\jao of cl£i7 iCD^Ciioa 
takoa l a dirxoi'Cjiv/ tubcn 
o 0#077< ^/-.c/5 00 cuc;ca i au 
o 5.0 
^ 
/icouat oi" a ico-* IACI uccii In • D-co Cc::;j^''aoa* »JL:CQCD b^oo 
tl i io Gfidcfi l a • bcick tJitou- • on t^ . ter • iiCLOJcUw^  i a 
L. uol'oo/ICO • t i c n in • wcj-'u^cit in • iu CUIOLJ/ 























C^Stt:^ g MbJNn-.9r J 
3?i.13 






Coacontratloa of cloy 
7O1UL;O of c lcy LUw j^CiiOi^ n 
SI 0»0856 ijuo/5 00 ciiopcisi .ion 
o 5.0 00 
CtroaotU of aicotl^io o Ctroa^th of iiCl a 0.03^i 
Adount of n l c o - ' ECl uouG iii 
t i no aiQucfl in * bCiCk t i t r c ; -
ic colos/IOOcsi 
olay 
t i o a i n 











c l a y 
dODork:?^ iia 
u ao loo / 




























Cation Conccntrctlon* Conacatratioa 
boforo * oTtcr 
aicotiao • nieotlno 




Ca *^^  
11.07 










x-ray oaalyslo wao ccirriotl out on ooQiVLi-oattiratod 
ooojaoo or Qo&tQoriXXoiiitOt asid niootino troateS MmtQari* 
l lonitoo. Sho nicotine treatment woo fioao u:?to aafi tliro© 
aafiitlcaoi coaooBtra'tloas feoyoafi tlio D1XI» l?or 1-rqy 
QKGadnatlca tho oanjiloo tforo orlaiitcQ on elaoc cic^oolifioo 
fffOQ a t^ rstor OtiOiJcnoion at TOQU toaixjrataE©. Sfettosfio 
tJOi?o rccordci oJtcr a i r iryiac end after boat tecatccat or 
tlio Dcnnl^o at 550 C for tt:» houro tc la j £iltorcfi Cu Ecx 
rafiiatica osi Q iMXipo dlffieactlas unit «3aa IUcsi^ coot© 
Gonioactcr at a oijoed o* 2 flocz'ocs pc2i? islniato* 
Hi© Xray p'ltlGxaiQ vjoi'o iatcr^isrctca ai tlio rollo'wl!^^: 
boaioi 
1. 3&-r.iy dirfractloa o:)aclat;c ubt^^^icd fcoia (001) ploaca of 
layer olllcatc opocics related to Qcua:)!© treatuoat» 
2* ^ c Intone!tics or diffraction maziDn by cioaeorin^ jf 
d • ojiaoinG; peak hcio^ito* 
3 . Qie intcnnitics of dlfX'ractioa orndLaa by oeaeariacs of tlio 
cxcuic miCGV & • apacinG pea&B. 21ic rooulto arc a?eco «led 




•13—ti t f - 'a t—HJiw 
BoDcl opacli.j^o, A 
CSMT d r i e d 
1 _ — _ -
t feoatoC Qt 550 C 
t 
aodiULi (DO) 
Uioo t lno Ct)0) 
i^iOOtiau (150) 










tmmt um»m\mt'^ir^ fcWMl. -WWB »" 1 1 l l j — H W *» 
10 14 A° 
Sodium montmorillonitc 
10 R A" 
Nicofinium montmorillonitc 
(Nicotine treatment uptoBEC) 
10 15 20 A° 
Mcotinium montmorillonitc 
Nicotine treatment upto iSOmmoles lOOgmclay) 
10 15 20 A° 
Nicotinium montmorillonitc 
(Nicotine treatment upto 450 
mmoles /lOOgmclay) 
Pig-13 X-ray diffractogroms of sodium and nicotine 
saturated montmorillonitcs 
158 
Get 5 . 
D13?^'i-^ij-i.1 *Z£iJ* AUJum\UUi j'uliiJuX^'AtJi 
Difrorciit iQl a o r t i o l Malyo io v;oru ^crfoincfi on 
platlnxioriiOvUua thorEocouploo froi.> room tcitii>c*'wv4i'o to 
1000 0 a t a coi^cjic-nt r i c o of 20 C jor u iauto* lijxltcu iHJ^^ 
i/co u-cS no I n e r t rofcj.'0..co ;jub-'l:--r.uo» 5Iiio ca^iilco v.cjro 
iriofi a t 70*^ Q for 3 lUourD boforo tho unolyc lo . 
!«3io etuuatity 0-2 tho coLiOlco ULOCI fo*.* tlio tiioxiiiul 
unalycic uoro 300i;fj i a botii tlio C . C C E . ilio D^ A^, iO ou^ 
DXO curve:, ;;:;^o /.cte „ 1 : J U _* oo-: : c o l t^ xo ocjao o n d y i i c . 
u c i j i t rcc:/-(3od in triilJlJ lus-X. 
tofisatana. jtofi^aasg J^ a,^ -{,g,Ai:H3L..ffi.^ , B,mtw^;IX3.ff iiitg, ,eaa^3L,ka 
—•twM—M—III iMijii iifi \\\mmmmammmmmmmmmmm»mmmtmmmmmm'mmmmmmmmmmmmmmmt^^ 
3ac:plGs * 0-300 C •500«70o''c »700-100D ' 'O • 2o ta l cum-
\ \ \ \ uativ^ii 
iajutii»Oi'i-
11 n l t e 4.66 16.00 19.20 >3.9G 
4.^ 0 <.'X 1 1 i«^ Jt^  t e > • 6 6 12,50 K . 3 0 32.Lo 
200 AOO 600 800 1000 
Nicotioj^^ontmoniiop,^-^ 
FICU DTA DIG. &TG CURVES FOR 
SODIUM &NICOTINIUM MONTMORILLONITES 
159 
2o su i t ab ly c^hjractcrlco tlio liyara(jCa and baoo 
Datiiratcd n o a t u o r l l l c n i t c c , tlioy ucre cub3c2t«t! to cu.^uc-
tom-t^'lo cm^ i*otcntioLiOtric t i t r a t e - i : a wita a i c o t l n o . fflUo 
r c j u l t : J?.. . .io..n ia Ficurco 6 to 9 rc:::cciiv-Xy« Abocnco 
of e u l t i . l L i a r ioo t iooo in tho t i t n t i a a ouivoo ccQfirCiCd 
ti\o lio;-oiu4iic cntur:/v(C uctu^-c o2 tuc Qli^^c . ropercfi Tor 
tho invcr;,! ./wJ..no. 4 o l i an l aT l cc t i oa a t 90 m LiOloo in 
tlio coji('UCt)-^-tric "jr.U notcntionotiric t i t r a t lDr .o o2 hydro^^ca 
olay ui t i j :aicotiac ao i;oll a2 v/itii jotiikia hycro^ddo c^ -^ o^ "t**© 
B-G of cl:.y liJ :;*'0 ocq/IOOj cl£^» 
£ho r a e a l t c or uCjor i t i^n of r i lcot ino by tlio above 
c-a'\rr.cicrc (l.TO to .:,>w.• L / V ) ! . ; tli:. c i iCentr^t iua rw.n;iO 
of 0 to £0 Li ti»olcr 01 alcoti?iG '^ ;.'r l i t r e aire ruproL.ailcd 
by i.:ot..cr .1, (ri^ii^o 10, Guxvu- 1 to 5 ; . '^r<i carvoo eiial-
bitcfi GlDCo i t i a i i i t i c c tJ i ta aosriiika ^iC u l a i u a a t a Tew p l^ ' .L . 
Such coLipl j : ".tl r; i a ".C: o<i.*^ti-a Icoti i r^i. wltii occur*cucu o* 
iziflcctljUQ imC vl^'t^'i^'J 0*-* <^ ApOt thjii^Ii aot co'-^oa, b'lvc 
12 13 
boui o!^i;.'rvuC U^  *.jvri":l \:^-*:,ze^'Ci • "^ j lu : ,o iu tc -co iu to-
/la cx-oaiii/ji J. u. ;>*. i o tu r*.x ^ lv„a In i ' l^u . - 10, Ouxv^o 1 
to 6 Lho wtl :- ik .1 v-t -ijicr.1200 l a t j c idj^ r j ' t iou oi' n l co t l i i 
Coa^ ai'^tl t^ > i u a t 0 - Cut U ...-.t-: Bi^tur'ilt r. U^  . t'ii..8. i l ia i a i t l w l 
160 
l)itcu fi ciios:'» ::'l::o ult.^ ;'1L.3;.1 vortic.-;. c. -Vco t i l l 
-i ,v: UC'4 ^ >i i_a (--' « ,iij.ty tlio 
at"*-.01-1)Co, Sjii-7 *i^:jc;» 6 u. to JS. .li valuo of 5*0 vlth 
infinite v?lvvD of: iiC. colGOta^ CS.Mc ^222). SKilc >'ococo 
McOi'iition or a icot inr t>y :iOi«i ^il t5cii;j c-:turat;oti uoutaoi?!-
c-ri 'clutl n oo(j££i.ciQ.i'^D botuoca .a t-:C aCc:o*\ tio«i* 
S.TillO 
- - • • o l : ^ 
U-c • i . ' ^ 
















10 *• . w J 
IC.wO 
^ ; . i G 
D5.9Q 
«» 
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csaw -tw»-« I'Wt-XMitMi 
6r,.00 r c:-o.:i70 530.00 
»_V.PO >J^'.v*i/ 





















GD.50 I' c:-o.4'-:0 577.-0 
49.50 1w...00 
162 
auLor.jtlun Q£ tuo n ico t ine ca t lua on tiio latoi-'al cu-'f J.CO or 
c;ontao»;illOiiito, Ihi-< reac t ion u i t h hy&^'OQQn yoatiaoi ' l l lonito 
couic be ronrorrGHtca :io 





. C 1 
the protoaat lon occmTiiii; a t thu ooro bccic ^/y^voiifliiio r i i ic 
n i t rooen or the o ico t ino molccuio. Si i t t a i c ^iUcorx/tion 
occur*.^c(l on tho lc>tcr_il LiirlaQo i'ounu cjai ' lrti-ition frou ii-rc^y 
data ;wio.. *, nt.cti .a 1UG^\. •.-(. in l) : , -^! c-.r-C/.u^i f ivu 9«40/A to 
1j.-i5A (k'ablc i»ii). j2ii) ;ilu:uiaium L:ont-.:orillo i t j o-i tlio 
Other h-nd, ac t in j noti or lono uc a i^roii^-tod coid ^ in 
d i i u i o cuu.^caniono a t a loi; pii, adJorbcd a l co t ino aco*Mfil^ iG 
to the r t^l lo . In ' : ciu«:tlon» 
CHj. — CHi 
3 A-CH cL \ ^ 
Vx 
M - tw, t A '^^ ev'^ - +bHiO - > 6 
N 
-,+ 
vvM>v<Jt.'+fV/(OW^ • C c y 
Slhoeo T^ -co, ositianr, ware foonc: t,j "o. l a .-iCsJD*\I. aae 
wlt.i tile cu?'.i"ust.. .c-:? .jid -^ ii ob;,tJi'V J,iaai£:» -rnc-t t~.o '^w -AUS 
1C3 
f o m a t i o a of a l i ico t in iua ioa y i t l i luc^o t QoMlify u^c 
coCsJuxitcal £cv b^ a 'J;.c„vuco t a ooiiCiictailoe osi t a e adtiitl&is 
OA nlcoti.jC tD hyir -oca aoiituo.*lilaaito# LlL,il u l y tlio 
ir.c« Kcc in ;h* i.-^ :; fua to olinlnQti.CAi of nrot 1:0 fr-jc tao 
cuojcc-.-i:5ao ( F i j u r c 6 ^.d 0 , Curvcc 2 -iiitl 2 ) . wiica a l l 
Ui^ii J, I V ..r lj:.wi:'0 ru r :j,Ciu Clt^o ^ot OCturatcfi, Q 
iOiiit oi' *.i* .t ?"^ >.-> w Oita"..tAon occurred ^ivi*Ji^ I'icu t.> L.ii 
il l i i0i i i i i t i " . ! a f r i i i i t j of .iic/-iUv. r.-r t .u b . ^ c 
octur'itcC L7;jtc. 0 v i e , i-~» oiiiuu, Lu.:iaa, c ^ c i t x ; .jif •bir-iiia 
t. Jo \.T-''ST u f . - t t _ .Ileo'ci .: oc'-(.uTud .it u .juicti lo; . ; r 
v . l u c . 21is. Ti co>\ t i - i i t t.:.. .j^**"c i'v/lia .:2t. t ao OwtlGr 
K'^> ^ • * ' ' ' > BJ'' > .3.^;* > ila'" > Ca'-'' (l-l^ai-Q 1 0 ) . 
Iteducei! >xC^%,\il a £.; ^-i-c £3vA"uratoC cyjtc^-^w u j .oaA*cil to bo 
CuJ 1 . ::'..!-.V i.1 ."1 .lilt;- oI :M-OV.JL i c b.-OO t:ata.-.':itca L;r^it-
L:o--illoi.i1! ' ' t .t u-• *i^  v.luL-, ( ? . 5 uil i i i j i c r ) ijr.t^  fj. 
rct tuct i .ii: ^jol .^v .1 .-w/.. ,uo an t».*Lc' t u t u r a t i j n . Tta. 
or|,*iilc IJ .: cc :.uca x cliiyl^u—ric -^ iv j^x*! ' ' !*. ; .itti ^xcu J I^C-
1G4 
bondc, . uci* aO, 
CHj-CH-L 
VYNOII?- . . ( •;J > 
uafi ijai'tl;> ilu-^  t tl.c ca. ici ty or tho n i c o t i a c to dc. o.b 
i.::it.r f r L. ^^'oadi tI*o c,.,tloar ^ i . L: j i'liw to p^ .twA i.^. i x -
tlic i u t c r l r i ' c r c^acc 
+ 
•>w(7vdL'i-M0k ( 4 J 
2iii) pocoibl l i t iLC Ui ; . ca cojvt ' i*.ati-an :LII :;-Otu^ t r -u XL^L 
i.i cl::^'' - \, I .i. . V •JL^r, L' . i-i C .t„U b^ wwVCr-J. Ot... 
17 1 1 "'^ 
c . r i r . .t:. .!a i, V.:: ' J . uv:5:tii^,itionr • liiu.., -^ ua iuc^v. ^ l^e 
1.- u i.Juct-. c^  i-•* . ^ Uv>-irve<' Oi* . i.ii.>jii o^  i i ic j t i : ie to 
b'. o Lilui" vl.,.' . ' j . te;ss were in accort'..u<oe v/Xt t^e ccur--!-
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nctlJi:; noi.or of t.40 crcaonjc .Lie o::tioac ant* tt*o i 'uinatioii 
o l U^oic li:/Cr.j.-ldot o*jc;.v. C vir?c Oi|ustio« (3) CBU (4j 
Eviaonco Tor tao frrL*atioa of Uydrowiidco \,Q© a loo 
ava i l ;Dlo fxt>D trto To '«*Lition oi' flipj in tno ii joti icrac, as 
well ^0, frou lablG LI^ tc.icu iodic:.tod aa iii0i.0Li30 in tJuo 
oiiC/icjijonblo ca t ion coiitcut i*: tliu oqt t i l i t j r iaa lit iuitl on 
afiuitijia oI ^ i o o t i u o . naic Xact tiiat tao ca t i on InvjlvotJ 
U-O i):::coait a- a hydroiiiilo v;cic cviiucnt £TOLI t ao Tcot t h a t 
'vizc cnouat of baco iii tao fiooorbou ll;i-iiu v;ac ^ roa t c r t-iza 
tiao aco.iat oX u ico t ino atldcC (vifio Sable hKlll) 
Sffoct or ucitoi:" t rcc t i :cn t on a l c o t l n l u n cloir coijjlo..cc 
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In n i l tiic ca:.€ii, c-.^^i.'^^ro^ _iiju\v, ,-- t.*-j IxiitiiJ. 
^ f!ori3t--ve iO...-c.. -.vrt. LAt.;r.At.'d, ^.A ^.;riccUw,a wOCw.xed -^ id. 
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tiio cui'vco clLm^cQ. t t ioir d i i o c t i o n . l aOi l to of o i l off jxtc 
t ' . a t t ila oq i i i l l b r ius , tiio filccontinuitiui in tlio lc:;t.iCiaC 
.ei 'Ciotctl . ffiio curvoo v;cro rv-^rLtJuclbio OKCC:^  t Tor cndt i 
dovic;ti:;iic of 2 to 4 D luoloo la ti o iriount oi' . i lcot ino 
aCGorbod by t lo cl-y» 2ho i i i f lcot lono rollotva6 by <2ipo or 
^latcauo in ooao o£ t l u cyotc^o v;oro a po in te r thc t t.*G 
f i r o t Dtti^D of obturat ion ucc boi.i£j c i an l r lou •..Itli t he 
foKuatlcm of Lx uoaolayoi? of i i icot ino ianu on tiio moiit uct ivu 
ci.toc of oon tmor l l loa i t 'O , v/Uicli could ov could n ^ t be 
clo^ct^ ^ac!ioa. !Zho Isyci ' ni'obably osatainoa uatca? oolcculcc 
ao well anC t lO OEOII di^o obucrvcfl in t i i ic lOt^ioa ^irob:ubly 
rorul ' .ei ' fruu ri r r loaco of alco«initLd ijiiw o iva i - fiui t.: a 
c<ji]:.otit^c-a botv;jcn v;atc^* ainl n i c o t i a o fo r aSru iv t ioa on 
cic;y s»., r^ce» or :i;- t\ r c r u l t of cui ijacioai-o in t<L.o u i i i rac t ica 
bct;;c-i.: a i co t ino CuiC v,atwi' at rJLi^her cSiicon.t./i.tlouL -a J, _;ii, 
ao eo3^ .wi.,'.vH; t j t ha t butuocu nicotiJuO -iiu tbu cl;:;^' cu^'fcco.'" 
Slio cubLotiuont i*ito In a<2t;or_.tioa, v;l*.oii v.vx:; iiiito 
oab .t: iHtlai boyoat tiio fii^:n, ;;;x >.::. Icati'STV: or "lie fOiXiatlun 
of a f-*o.,:i ra-f:oc o.^  ru r f xo:, on t*;o Ql j IcycrL i»ftci' t au 
"r.'.^ ii caL.;,y b:>rrl5r for i n i t i a l a--cai*_)tiun ii^d hvxn ovor-
c ao by iiicotliic i io le ja ico . Clirae ty. Di. oX' cffactw ::cu«.3ti 
to ,'rofl:>Liin.,to l^ 'ho hi^lici' conca i t r a t lon ra^ i ros , , ii) a 
rcor ioi i ta t l -* . o ti:c n ic t i vo uolcs*; ! ' - *VJU co:?l-^ii^. to 
23 
m?_IJ.t c r f i ^ a r ; t J o a J u i ca ex.o au .^ -.o-o p*X)tua.,tuti 
i : ba J. .- }au*.,ij r UJJ n>#55 to t^.^tiA i J ab io J -A) , ( i i ; b u i l -
167 
diii^ up or n lcot ino moleculco en tlio outor cxiifucoo oi' the 
clayc *ollo-«:;ea by I n t e r ac t i on vita t he usokl^ aoiclic li^ai-o-
nylo ^ a t thu C(3„oc 2.0 follo^;c 
CHi-0\ i . 
N lH*(0'YY\ev^) 
. c i? > 
25 and Ciii)fiioi'Ui'tl-;A** or :-orbcfl v/ator Trou v:r:^aa'J tiio ;»:o3io 
end dlvj-lcnt cat l ' snj cat. iToraiition or hyu^^o j^cn t>oi.tiu v/lth 
•iue t-i^'cctly coovtiu tc t t .utor 
\ 1 
CH CH j , 
. . . i 0 > 
- V n a n - ^ - ^ + ^ l O 
iu j:tr>. .,1„' :itt.ic**i:u to t.-o cloy ctu-'jCicc by cl*C2iic.'.l t>:.a .,» 
i t -u : ..'-.t I . • t j .; " u i T i o i a i t l y i^.'.Ji tCL.,.ea.'::t;uvv aJas 
to e t ruc ta r . t l cU^Ttrcu-'ou*"' tuu n i c a t i i^om l.;iiw rir^^^eC iSi 
tliu 1. -liw'd 1 ,, •- vl* 2 e'luatiunr 1, 2» 3 J*L: 4 wjoiU a«t /O 
10 ..ccorr.iolL' t:^  o>ie..iiiaa -.t^  t . .c i o n . furuec. by i i i t c rau t i ^a 
-t t-;'j od,,Qa vide ur^uatiou 5 . iieiico i i ' ch..ui^ .1 ^^m.L w^-t; 
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iavolvcfl i n tuo i n t o r a c t i o n c , ao vlcujiXi.cu alswvj, l i icot lno 
i;oul<l bo loi-t oa haa t inc --ii o-'-iv* o , tii:-t bc i i i j bouu; in 
t;Jo In t c i ' l t ^c r Ijcini; tlic l a c t to uauorLO fiocOiapOwltlon» 
v/lth th io cafl i a viov; i t wao conuifiorod woi'tlivjhilo to 
liivccticutt) t t o l a t i n a c t i o n or a ico t i . io -..iZi nont.«;orilloalto 
by tiioTQal uitJ.^G4o» 
A roi!or:nco to Ficuru 14 ohoLOfi uii aiU^^ccO c** >o-
thora ic offoct a'^  J^v^t £75°C lolloyoti 1>^  tivX) o:30tAC£^c 
pcolin In tbo D2A curvo o2 n l co t ino trcatcCi o o n t o o r i l l o a i t o . 
Qio door-or OQ^otlionilc offcot a t aljout 215 C ajpca,t>o^ to Uo 
fluo to renoval of ^liyclcclly ;:<l*.orl)ctl a l co t i i io roaucd VICQ 
•J 
o^uat ixi o , tiio oiiotaersiio pool: a t 450 C fiuo to aocoapooition 
of tiio In tor luyor nlcot iai izo loiiw, /ai in te r* . . i t i a j obcorva-
t l oa w :^. ioi'OViOcfi b^ L. earn irativu ota,uy of ti^c 'JoC.ixm uad 
iiiootiaG cata*.':ito(i 2'Ja cu„vco. 2ho appcaraucc o* un oKotiio 
r»-lo jeali i a tiiu ro;i;toii duVuiC of i t iii Ila-cutuiratcd ciout-
aoril louitf!: ; W.J; iiiJior.tivo of a. olicuicol r a a c t i u a tuLt hojQ. 
occai.*.*e% betv.cen coaiuia c l . y :mC n i co t i ne to ^ivo a COCJICK 
ion viCc esi*^tiwi 4 . Sio wci/.at locc coucc loi^t Aax'tiitsC 
aj^ri^o^.t t:; ti»c cbovG coaciu. i o n s , lixc t o t a l uc i^u t locc 
•..^  - VIJ^^AVIOK a t rXout ujO €• 
In a l l t*iC r.yutOL.,, cy.:..l.'c:..ct. OIJOVG, i t w> .'> nuticeC. 
t ' . . . t .i Cw..ci.iiti*..tl-2: oi" LLiootino i:iCi*c..ieO., t ao :Va c i ro 
l i e ? .. c:* fiii^ ai'c'f- C aaC 9 aJit' ii£ Golccul ;^ , '..^-ich i;a» an 
inf i icat i n of tiio e x t u i t of acTror^iticaa of i i ico t ina in d a y 
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(SJablo LSII). Chcco rcsalto UOTO IsClcaUvo o^ tiio Sbet 
Q^ QicotliiO oafi p3 o^ t:iQ e^iilibriiso oi^ i^.-caaioao i^ilicatcfi 
Uiat at %^ lovol oi: cic;oi£:ieaaco (xza Ij; 4c(,ycco o* rrec^oDi 
c Cioufl CQS'2?olatJloa t?no otstoSncfi botr^oca pH end ^t^ccatoc^o 
a„^,,fe„^^iii,f]„^,.„fi„i^ 
1. 8imo«a» lUU, isad (^ aic^»E»^«» J«ai^ o»Ci^ .Qmft S£^ t211 {i9M) 
^ 0 , , 5a» 325 (1961 
.1950) 
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aao intcractica of orgaaio oattcr ^ith olcyo oaS 
colic tea lioou ©istenoivoly otn^icQ. • It Iiao tjoca rc^rtcfl 
tliat iiiitu intascQtXon wltli oiileootso and oluaiaamu DtiriSaooG 
in ailato o«ui?oaG|.OBo io affoctcQ Ijy ooii?c^cl faotoro traah 
coaocml!2?atioHj ia tlio ooXvoat» tEio CQl^wcnt itooXf, tiio la t t ioo 
03aficuj?Qt^ ©B or tho cacorbcatf i to cattsra^inc oatioao, Oi^ U, 
i-H, orcsiJlc oatt}c:e ca{l ortoatatioa of the B0lootO.co» Mca^, • 
tioB icothcsxT) have bcca Ui^ cfl to GSi>lcln cone ol^  tli© totci/oc-
tlcus.*'*^ Ino:)ito o2 tiio c t a ^ tho iKjciiciaiixi or tlicco intaL*^ 
ciOtJlciic ic doubtrul, She eo^fu:-iont oootiy Q2?iuoo QO a i?ci:'ult 
or tiio 5ffc:;crcQ of a IOTGO auabor ©^  olicoici^l^ cotivio liote-
roijcaeo'a'? opoto la oio^o in fio «02?Q O3? GSCiiacc® !^^ ^ oatiuno, 
cc:L't>ct» watcj OTwimd catl :ao, ljyi2ros;yl t^ et^ u^ jOf iatlsica atii-faoe 
os '^J '^-i-- ^^ -'^ ' olcotrical aoublo lajrcs? of oliOii^ liiC |>olar;.ty at the 
cd j^co oC tlio elasf0# ©lo oltuatioa Ic Tortlior eoo^llCL^ted by iiio 
euviromaeital S:\ctorB vliich oLltn oiLroltKmoo-a.ly iiiteraot ia 
tlie c reactl'uia. InXoj-iaatl'an oa tUc cw>s^ a»ii-a o* olc^-orgauio 
intciraction 1. tuu. vcfy Bwaipt:'o ou far tu tlic uiacrtJL llXitc io 
ooncer.*oa« 
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Xllito oeoui'O on a XQZQ@ ooalc ia tiio oXluvjkii ..olio 
of IMla and ia tm importimt olq^ miuorul. She J^aot timt 
tkl:^ e i a e r ^ r'»s*3eor:ca cneaiealli' roao'civo oitoo a t t:;o e<2;;eo, 
cosraorOi iatcrloj^ci? cma Intorlatt lco yooiUuao lioo t>ocm vicua*-
palcn/ QO volX aOf SkQa ai4 Giai;IiQl on tho teiltooici^ of 
i l l i t o o io oicaii:ieai3t la tuat lec^ ju:.'^ ^ ilio ti^o oi: aicotiao 
Gaa otlios? Iiotcroeyellco licio bcca raCwCOtoa GO pootioideo. ^^o 
u t i l i t y of tlio lavooticcit;ioa on tUo ij^tosaotioiio or aloatisio 
uitli Xllito t7itii i.ai?tiemlcs» E-cfcrcaco to t2iO iliciioocnoa of 
S3io ob^cotlvoo of tljo iXo:;cBtJ otudjr ^i/o> Cic:7circn.0t to 
inveotlc^to OIic aacoi?i.,tioa o^ nicotiao ia ooiC osiO l^ aco oatm?Qp-
ted i l l i t o c , Jtufly tlio otoicMoJ30tE!y oC tho rcr^tioa iijDGea: 
filCJcriHG ooiidltioao o£ .,Ii csnil i:cnco to ohtda a Cios.'© oXcni,' 
si^OL'CtanO-nj of t;ho oocli:mlra o» trlL-0L'jti:^ a Oinl t'-^ o c^cciiic^ty 
of t:ic difroEont tyi-co of citoo ealt;tiaj i s i l l l t i o oiGj0# 
S X P L 4l I H ii H 2 Al l 
Iho olQ4? laiacral i lXite uced 1*: t&o otutliou wa® obt;.i*iea 
fxom Waril.0 ICatarol Soienee Estsibli^hscatflno* S^ iO mlEeraL i/ao 
i^oa I'lorriti, Ul inoir and wan a JJOOJIO C:." tiic Cl«y Iiliie*.'al 
Stimdardfi <¥oject ilo*49 ol' the Merloau '.etrulotm Xiii;titute« 
I t was broken u.j in a movtar ualxiu a rabjcr covsGrcfi !J©ctlo« Xlic 
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organic laatter wai) ositUced witii Jby5.rot;cn pcro^d© aoa tiio 
QjjEtur® dilutcfl trith dtoti l led uate„. Cic olo^ i^ o:. <21:-u0rr.M 
by ©IcctriOi.^ otlr^.'iiJi||. £ho ou-.^ 'Cnoicm obtrlaca \IOD imt'cofi 
tlapoacii cliGOto oi" Vihateaii!! f i l t e r ijaycr f i t tea iii tiio bo^'l o« 
•"Xatomaticiial CSiciaioal** Ccatei^Dioo Qt a ojocd o^ ' 5500 rjp to 
oloy pastieleo. 
o:;? t'ao cuiKsmatcmt liquid i/ae 2 13 u i ^ rcapcot to oodiiaa 
clilos?iao ona 0.1 0 tjitli rcc j^QCt to li^ €roc2i3Lo2?io aoltl. SSio 
Qiatr^r© VOD oInLen Tcs? iialf oji honr oi^ter ul'ilo:* Cic L-tti^mutc it 
ocia sal t coititioii ^ac ireaovca fs?oa *^ io cXoj cu-i..c*i:l'jii *uy 
Go<3iua i l l i t o cii^ jToacioa t^ica froca Troa olilori^lQ ioao t i l« Ol.o 
o2ay aic^ crccfi ooa t i l l tlio conH^iotlvit:; of tlio tuf-sjaiuitJtt vao 
of t:io caiio orucff oo tliat or aiDtillcd vatca: (tO" olioa/ciu)* 
lEic ouo,,e!30iua watj otoi'ofi in pjrroa; cl^osoaro cad uccd %ii«m 
roiiuirod* 
U^Qxoc&a^ saturated i l l i t c uitl: alaieial :iluctiitium wat; 
i:roo.ay j;.'e, »;tTfi vitl© Altlriciv :^ aa 3uoliaauii*o^ aotliod i'roia tho 
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suOiJcacion by jn^elac; i t iCitouQii a OQlmm oC H-Dowex-SO^SD 
cation osolicaco reoin at a opeod ot 3 eo :?cr islaut© t i l l tJio 
ijii (me csaSuotaace of the cuoponLisn Ijocaao oonstimt. 2t tm© 
tlion gitiicid:? tiCcQ Tor potcntionotric GS'I canauot(jaot2?lo t l t r a -
ticno GO uoll CO oaoorptioa osporiacato to avoid Q»^ a'jai^ 
or ^ceoopooitioa ©f th© to^too^ea «lQsr« SIG cosecati?Gtloa ol' 
t'iiQ ca^^cnsion vcriefi fi^ oia 1»0920 to 1*5ii30 CP yo^ 100 laX o£ 
uatc:?. 
ggOttoratioa og A ^t Oa t ^ Qa<S ^A i l l i t co* 
So obtola t:io Q3.\:aali}iimt» ooloitia* ^oriisD cmil cQL.o:^ Qa 
i l l i too» tlio cotliiiQ clc^ CT3iOp03ti:iic»a uas troatod tliroo tiJcoo 
uitli Borcol QlnDiaian eiilorifio coltstioa in caoo oi* oloiaiaiiaa 
i l l i to f 0':loi-.sn cSilori^lo oolutioa iJi tko oaLo of eaXo4i2ia UXLto; 
bariiua oliitiX'iCo colutioa in tlio oji^o of feariiin il3.it© imO^ ar.y-
niiiQ c!ilori60 selutiaa in tlic c:iua of nm^saiua i i l i t © . Sio 
stiapoa^-ijna were t .en ^bt'licd wit . di tlllml uates? t i l l tlic 
reriotcMice lii ©acli cnnc itfos of tlio uaiae otHeir ac tf.at oX dletiHefi 
watar (10*^aS«)«/ca)» The sus^-ejifrious esntaiitcd a ,^>i*oi4.mat€ly 
1.2 to 2»5 CJ** 0^ ol^y ^er 100 ail oi' water in eaoli caso. 
5!ho co.jocutritiaii or eacli of tlio tujpe*; iuas u.ed Xbr 
i'Otcatiometric aid CvjiUluotJtaotrio titi^uti'^aa uc woll siii u.- 2.\i-




Secoiil^ jptopa^Qd ooapioo o£ aslG eatoz^atcS i l l i t e caQ 
baoo catiiiratcd IXlitQO woro ucoQ fo2 potcntioootric GSXH o.ufiuo-
of iisrtoOv^ cat oaturctcQ l U l t o oM, ©oeii t i t ra t ion waii: i:Ept oi: 
olaiiia oaii imil<orm GO xsoooil^ i^  to avoia t&© efftoto of aliuaiiii-
nG c^^cmoiita la Ij^ 'firocc^ oataratot i l i i t o * 
ataaaorfl eolation or codiiio h^Css^niHQ «ao ucofi co t i t rau t 
in coxjc oi li^ilroGca oaturateO iXi i tc . Co t i t r a t e i t 50*00 oe of 
t:\Q DUCTJoncioa ^on tutan ia ocvcroX P5?res C^-^D tu^e&« S^o occSi 
o« t^cccj tubco var;s^ if!£; oiiouat s^lgn" ^^02i wore mldctl aaC c^sa^.ta-
oijsj otirrctl acoaoi'jaaily fo^ * tlai'oc lioti^ v. bcfo^© reotr.dlEt^, J l 
QM couGuetaioo. 
5!o t i t r a t e acia cmB, baoo oatm^atcil i l l i t o cuupcasuioiuj; 
ctaaSari3 £iicotiu« t^ oo used tm titr^sit* To 10*0 oo o4' eocl; or 
ti»c cniC3?ca-icao to!:ca ia a aiober of i?yres glasa tufeeo vai?yiat; 
aiaoimtc Q£ nicotic© (0»1 ga lyiootino per 100 i^ water) coiutiaa 
wore aMca oatl tli© euspeasioat 0tirs?c<S occasiotisilly i*or ti'iru© 
Isouro bGfos:e rocorQini;; ^ an<l candaotaj*oc# Slic otirrliiii tiiae 
and total t i . c for a l l the t i t rat ion^ v^ a^  ke^.t 8@ unirora as 
pooeible* 
2Jfec '4* rcadin,.8 were rcco dod with BedaaBaa nh stetor 
in 
CaaflustiTit^ cicaci4L:oEsiit0 wox^  eacricC ant yitlJ ttio lielp of 
179 
Sot 1 . 
^AwWBipliii II iiliwiTiBtia 
ConccatE-atiiKa o£ cloy ia potca-
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Coaocatration oS clcgr 
?©3L«iao of cloy ouopcncioa tctiea 
Btrfms^ 0* aicotiac 
ts 
m 
0.1504 c^lO ia3L 
10«0 GO. 
1«5072 oa/250 ml 
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water afifiofl nicotino 



























































































w M l l w B M M h n a H i k 
« 0.072Q CJBG/10 ca 
111 aU'*:^ 
Ct;i?cnc;t^ i 
?olia::o o f 






















QS aioot lEO 
»?0lt230 or fJIOU. o f 
f^atcr aQiicatn4oot4fi© 









































o 10.0 oX 
















































3 A Ca-illltc 
A o Ba-illitc 
5 9 Na-i l l i tc 
6 ANHA-illitc 
• H-illttG with NaOH 
0 10 20 30 40 50 60 70 80 90 
Amount of nicotine added in meq/IOOg. of acid and base saturated illltcs 
Fig. 15 Conductomctric t i t rat ions of o d d and base saturated illltcs with nicotine 
101 
iJLU.t@i.J^I^..Jllififi.lbJ^llft 
Coiieaat2?atixi of cloy 
Gtecm^tli of i2i09tiiio 
ai0otifto 
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10 fCaatoctaJico » 

























Oaae^tJLviUca o£ eioy « ©.(#5S0 guc/10 cal 
Ct2?cnct*i of ciootiao « • O*!© cP/100 o l 
M-jiii«j»i»Bii'ii.'ii mimmi0mtfmmmlmmmmm»mmimmimmimmmmmmimuitm.:V •<i inn'im »lll^lg^J;l'lll^^lrJJW'llllllMlll»lllll^^«•••^•^•lll^»•a^ 
• t Oioy t f 
0«0 SO.O a«0@0 £i«E5 4*11 
0.4 19.C ^•G24 0,S5 4.55 
0.8 19.2 t*248 7.30 4.07 
1.2 1G.U 10.872 7.C0 5.CC 
1.C 10.4 14.4Q5 0.0^ 5.26 
2.0 10.0 10.120 C.uO S.40 
r . 4 17.C 21.744 O.SO 5.72 
a.G 17.C rS.SGO C.40 'j^dQ 
3*2 ICQ 80.902 0.45 5.98 
S.6 1<J.4 5S.616 C.45 1 .^33 
4.0 la.O 56.a40 CA5 5.08 
5.0 15.0 45.500 0.55 5.98 
CO 14.0 54.500 0.65 5.98 
7.0 13.0 0^.420 0.75 5.98 
0.0 12.0 7?.4€0 G.75 5.98 
9.0 11.0 CI.540 a.OO -1.98 
10.0 10.0 90.GCK) U.a5 0.22 
1i.O a.O 10B.720 W.90 6.57 
14.0 o.O 126.840 v,il5 ii.57 
15.U 5.0 155.^00 4;.95 C.i7 
184 
Um IMi^ 
Coaccaatriitisn of cloy 
Volume of olcy emoi>onoi&]i takea 
in ai^Hcrcm tubce 
Btecnc^ 0^ aiooti::o 
« 0.0780 c^ / IO c l 
£9 I0»0 QX 
0#10 oa/lOO o l 
" ! ' • • » i i i i inMi i i | I •. III. M. i . . i . , i i | i i ini Mill .11 
•folwao of net •of ii4<^ I'^ i o« ^5^^ 
•i^atcr 0*1 ca*otia© |?®r * mistUL-e * 
liB CO I100 oa of t I 
y. niiWiM** 
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A NH ,^-iUit<2 
• H-iUite with NaOH 
AO 50 60 70 80 90 100 110 
80 100 120 UO 160 
Amount of nicotine added in meq/IOOg of acid ond base soturated illites 
Fig. 16 t^ H titrations of acid and base saturated illites with nicotine 
1C6 
Dct 2* 
t i * 
OQtnl to p2^» CtellGTly' Qt half cotitsolic^atiois oS tlio oocouQ* 
lent to „Er, cnO i?£« i^ co^  c:jtivcly (r^ C uo^o ©Qaivcilcat; to tho 
dicDocLcL<:lca coaotJcsi-D* SUo rcoulOo cro i j i^a to tabic lil2iX» 
Buue «xca.4ii ,e oa.^uoitlGS o2 t^c cola caa t>~sc oatia^atcil i l i i t c o 
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I lot? in^«i2ii(a ia£«i32?0 iu^* 
fIcotioB «lootion iXcoticiH 
HaCS t i t e a t i o n o£ 
4te<ii«yiii>te I ffiiiiiiX«iM,-».'i«i»r» 
Oa - i l l i t r 
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5.0 cO. of tfeo GcM (ma lja©o oatus^atca i l l i t o GoopcficloDS i£i a 
ntEter o* pyrex glaoo otoppcroiJ eontrlSucp tutsoo cad G<3^ ,liii; 
var^in::; eoBOcntscticao of tho oten^cira ajlootino iO»2 oa por 
too ol uatoi?) oolut4oa onfl cS^iiotiiici t'-io QiKtn2?o to a cjaotoiit 
voluco witli aiot i l loa «ato;£?. Bio tobco iroro Tit ted oa a cli^Iior 
ca^ cmfeon ^or tJy?oo hoero oacli ficy £oi? tteoo aoyc at a c^;rictaat 
tcQiJoratuffo to attain oqulllbriua. 2ixo olstaroo uora tUai allots 
Gd to ccSicoGt ovomi{jht» tlio cunormtrnt liquiao tal2oa omtt 
.ccatri^C;ca cafl titratcC u;lt£i Gtcsi:'3i?d "^•^Q^'QC'^XonC.Q aciil ii^siii^ 
uctii;:/! rod ao iaii4Cv»tyi» to ooti ;3,to tlio rdOiCu^il Bicotlno* iuio 
a 00,-1 ti<%i o^ alcotiuo t^ -ao olitcifiGd Ts^c tho o»»ja^ o la caacca-
ti-atioa oT tiiG oolation boro /o cnC oCtcj? c^iitt^t uitii t.:c/cli-;/» 
QvixfVQQ wc*-*C' :?a.otto<I b©t;i-cui equlllfcriisa concentration of .:lco-
tine imC mi'ilGC of folcotiao cdco;.'lJe£l nor 100 l^a ©£ d a y . Ciie 
results (arc u^iwa ia tatjles IiXSlI (a) to ULUVIZ (a) oiia ro.^re-
scuitcA viae lifpiro 17 oaj.vco 1 tu 6« 
2Si® Ka (lloleoular)'^ of nicotine la l l i i t© :3ii;.pen;-i .^ la 
uas caicaa^itcil £i'on tUe r^a t i cns 
i^s^ aat? of nicotiao per 6aj ijrun QC i l l i t e oTtor- cu^^^^llbrimi 
toomit of nicotine par ca oi? liriiiM artor GQUiXlteiiaB 
X t^cicht OA the c'Aoy In tJ;a cuOi-Jcnoiua 
voltsas oiT alcotino In ocitjilibrlaa o«L'ociGiwi# SH^o i?ci,islto m.'C 
CivcB ia tcblco IISAII (b) to MMIX (b) oaa rcp::?cccatoC ^So 






















O.S 1.0 1.5 2.0 2.5 3.0 3-5 4.0 
Equilibrium concentration of Nicotine tn m motes/litre 
Pig-17 Adsorption isotherms for the adsorption of Nicotine 
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i i ) Coaocatratica Q2 oodiiaa QIQ^' 
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TO 
Fig. 18 Variation in distribution coefficient (molecular) 
with PH of the illite suspension 
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gabl^ iiixy (g) 
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MH^ JH^H Ca? 
( i ) Ooaocntration of the 1}arAt3m olcy 
cuOi-cncien 
( i i> li'oleiit of nicotlno 
( i l l . ) Stx?a3G^ <:^  o£ nieotii3o coXutlon 
( i*^ ?) Infllcctor uoed 
( v) Vol«eo of t^o ouopcacioa to&cix 
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AiimsiiUm Ji^ AlfigtlmJiiLiaffiaiUMB U U t s 
C 11) ue l^ i t 0* a lcot lao 
( i l l ) Ztt,'a::ijti\ Q£ nicotliio coltatlca 
( Iv) XcCiorJtoi^ 'oaca 
{ v) V'olaijo or t::t0 cui.jciisjijQ toI:cn 
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f-"*^* 
-r T 
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fllCl rcQais> fcuaocatra- »c3Loi?i3u^  
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fi?ato s?ool« «alootlao lui 
i(2*aaX aloo- fCE o^loc pes i 
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PH of the suspension 
Fig. 19 Effect of F>H on the adsorption of nicotine by 




ocoploo of i l l i t o , cnG, uicotiao troatofi i l l l t o o * Oio aicotjlao 
boyoafl t&o BEC. Par S-ro^r oitaoinatlea t&o CCDIJIOO uoro 
oricatofi oa c^cios aierooHAco froD c trator ouux^onoioii a t POOQ 
tcai?orataxt« ^at tcmo vioro roco4?Sc<5 cyTlop a i r toyioc; uciHG 
fiXtoffcd Cu S oC »aaiation on a nicronsftta Go^doiaot?^ at a 
opocil of 2 eocrooo :-er a inuto. ISic rccisito aro rcco^ficcl in 
taDlo IiMVIJt, fic«ro 20. 
S l^?;ifi IfAMII 
Daoal opacloco of ooCiua catu^atofi onS 
nicotiae treated i l l i t c * 
nature o£ IXlito *nicotliiG tsroatso*at ' Banal 0£;c;o:.oj: Ui A 
•cjjucciitrauicn in • 




tJicsotino i l l i t o 












SSio a^iJaratao UOGO Cor tiio ei^:l'os?eatial thorcai 
QQoljroio of co(?4tin caa sdcotlaito i l l i t o eaa^jlc esaoiotoii o* 
fiia^GD of tlio a>v. ai?ati2S io .^i^ ccoaticG to iTicur© 21 • 
Slio caoX^io uao ccjnfimctci oa tkc ooQiaa oxi" aicotiniuD 
Qio^Q to Gl^o Ci ijai;:on3 potiCer fS5<3 to cacusc QHQO, w/slzlii- o£ tixi 
cpccicca. ^ o caai>lce wore iriofi in VOOUQ OVQ? a oatusatofi 
solutica o£ UQ ('^ o^}g « 6 kgO to eaw^yo tlio omuo ^ l u t l ^ iiucji-
^Ity Ic o.ujo o^ the oaajloQ* 
Be::o:;o tokiaj t^o S)»2»A» nm^ a prolltai. 2ry atdd^^ of 
tfec erfcct or hoat la tiso oaEperlBoatal rafi4,e &\io ur-^ tl© oii tlio 
clay oataploo fey heatiac; t^© caa^cc iii a ol l ica C5nic4*Xl0» Sio 
pre .^aj.'ct! saBpleo uorc tli<sa plrjDnl in one of t^o cavities imd 
tu© otiur eairlty vm^ iill&Q, vXth o(«»i^0«, fhe mcklnc ol* tlic 
materlisls In tii© Gpcclm«sn hlodk i.'aa luaCe ttairora fmu li'j£& «>y 
aeanr> oi' a ^jlasn plun(ser* A dlltorGntial tlioTLiooau^le \ms 
then 002ini3eteC ta tlio elsst^ r 0,;eoliaen una the laer t nut^rial* 
fheroograas wero t&imi recorded h^ ewev^ixi^ uut the 
dl . rerontial tlicrmal rjKils^^ls gemi*amtamatlcally wltb MQ&9 
THERMOCOUPLE POR 
TEMPERATURE RECORD 















FIG.21 SCHEMATIC DIAGRAM OF DIFFERENTIAL THERMAL ANALYSIS 
APPARATUS 
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Dsxa Hoi'tlxa.t ji"o,j?uLao coatrollci? u'Jloli couia coiit»ol the 
tesiyeratCTr© s?iL"o Qt tiio rate or 10 C |i©r lalaato* Eio iili?J.cr-
eat ial tcc:?cratua?© AS, uao rccor^cfl b^ r a o©ncitj£vo G^troii0» 
ootor iu":in::j c2sroocl.«altnel tlicrnoccy^lo* Elio te3A?oratai?Ot 
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I'aitiol© els© (iiacec4 tln'oac^) 
Xaort catosriol 
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'20 ouitat>ly caaraotcrioo tiw i i l i t cc> tae «e*w aaS 
toafi© satiratofi l l i l t c o uoro cub^jcotcfl t© ooadmotouctx.*!© aiiG 
i_!OtciitioLK>trie titrGtiono^ Bio rocultG aro ousLsariocii l a 
tabic i«2iil Gsi<!i t'o-rccozitcfi *viae i 'ioiroo 15 cafi 16 oaS cor^co t 
to (»« 
o^iouca a olm-y i c l l in tiio coatootivit:; o^ Ijj'aroijcii i l l l t o 
oa addition of fiicotiao folloucQ t>sf a rai IC s?i ;o ^iltii t:rsQQ 
ian.ootio*ic, Gmoh infleoti^m poSnto o^corro^. in ti»o eoaaue-
tcaeo ote^ilcc of cono of tlio h:^o oatiirctoOi i l l i t o o ol:}© Lltli 
tile ^l££m!CJkOQ tijat tU© ourvcs ©^liilsltcQ a c?PG^ t*-Ql r ico CJ?OC 
tao vrr-j- bciSaliic Of tiiQ t i t ra t ion : ; . .*0teat4cEict:riU) t'^ SiuCico 
a lc i i.-c'7j:Jltia a c l ' i i l a r beliuviaur t.itli tiic oc.,ux';:.'CviOc oi' t,-i'Oc 
Ij^ c^ wX at r.^:..'c-'cat ii values, vitle lics^'o l^t ou^vcc 1-G« 
Aiic? ini'lcotlou poiJQtD in tlie carve::, ucse t/iLcn ao a DCC'^ IIJ?© 
oJ ti^c I;,asc exotia!iijo capacity of l l l i t e e » Giuc3.'all^ tlic 
r a t io 01' tuc B^O a t tiiree lnn.0etlo.i ..oiuta csa^ nat to bo 
nearly 1 } ft s 3 i a both tlio ooaaaotoastrio a® %roll >.ss tU© 
potcnticcietric c tua ies , 2?lio Eslnoral i l l ! t o thiio ap/ca**e*l to 
beaave at ii trib'.iJ3io acid* Uvaluation or tlic 4l3s;ioiatiJtt 
ootiot Mu a t tiic ri^-stf oce^-r.d aavl t*ii*Cl inlleotJoB poiute 
t£avo ^ » ptt^sor,t ^ ^ a© 3»35i 4.B5 aa^ 0,!?0 rci.^octivei^' 
far the h^dro^mi i l l i t e * 2he c&ove data noibtod to tii© 
eacietfi' 00 oJt a t l eas t tlireo ciientically reactiiro opota on tha 
208 
leve l • Cic'JO rcr,cti'vo citct; ai);.:eaL'ca t- tjo tkc oxe!iajJo«^ -iJ2.G 
ootLjiioCL'vil lii/Qsxi^d^lc a t ^ o iatcL'lc^cr ci tcot at cdcco* GX:£1 
t::icao oyotCf Siincotiono cocarrcii, ono o t^o*? cnotlia'i tlio 
0^ 0 to 5»0 r::.-:D2.oo oi? iiicatiao pel' Mt^-o QI?C re, ^-O. w^tjjtl 
.1 l^-'jti .0 c^M i^lntcaii' lH^^ u_"i t'ol; cc-*.ja0 l ive '/j^n 
o"w..ui-vei' a'j cevc?ral uorlsore * lii eoiutc-coiute«»:;olimat 
nation o.. the iootlarLi.i. ,:iv<3ii li : -^jur'O 17j curves t-G 
tl..<i i^ ii^dxxjc^3, tmC QlmiinXxm catin-atod i l l i t t r ..o ecu .^ s-vd 
to tiiiat D* tiAU uaco oatu^atcC G r^oteu:©, ^,« iiJuLtial >aa.tL; c . 
the lQot*ici'i.5S oX i}Iic oelil satiirate^. i l l i t c a €. u'ibXtcd a 
6iiai'|) r ice vdtii a v s r i l c l cu vo t i l l <.^ ut ttie 11 s t iici;..*l2* 
w.\<3 rsao led (Slafelo li*wil>, li«ro the Jilqotinc fct<'.'laed to :>o -COJ. 
pach a lii^ afXi i V *or tue s, atcrac that 1': tliliite olutic.r.r 
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iTcIlcnrcd h^ o^icQUi'itiiiJ, ot tlio nicatiiio oatioa e^tlior on ttio 
cQ^ 'OD aT!a cor-iQ^G. S-»r£^  d:itJQ oiioulnj ca ia©-^ OGOo Is thecal 
e 
ojicoiRC ^i^^ 0*^ to 10,GA « viOo ta*ulo i*IISlIli, tiouoi?C£», 
2lio r o c s t i ^ uit'a Uyar©GCS iiXito coiaifl ho r^rjixiccatcG ao 
\ 1 
N—CMj + H IWA'^ 
-> 
CHx-CHj. 
iXli-te. • • « • • • 
tlio pratoaatlua ooou,ri.*ii;j at tlic iao;:o htx io .yrroiJ.v.Xiie i.'i> i^, 
;ultr'.ieeu of. tJic iiicotlsio molecule* 
3Sic aluminiiia i l l i t c , on t>.e at-Li» ixmf, f^tl^Ji., ysure 
13 
2tO 
^^ , o<l:.crl5cC nieotl'-io oceciCiii^ to t a .:33.1c*v.fii(j e^uati:^;! 





\W/:^ -v«!*lWJ *•» V 2 ^ 
Slioco iK?o?dDitioaD i?ci:o £u*aaQ to ho In acsc.uluiico 
ri-SIi t-'io -li (jit OvMuetaicc cOccrvc-t.lcuo. * t^iG» the 
tritli Inc^'jy coMli ty tjao cooaxitca C-j.. h^ a C.co.-caocj l a 
CllL'ii-xc VJ»io0 Curves t-»il)« 'Jiat l*o a*aoT<i i w ;:.Tjct:.2n 
iju.-iti .ucvlf 'Ui:^ ivj^ i v,!!^: reduced fxlc-i ^^''^j nxs a ^.n^'ciit r-itii 
CJ_"/C;J 1-C) bQ -ii-: t.»o ^:_':,ij uof.iIitf. wiai (221 t»ic . : -jtv "> 
ti'i: 'bc'sn rniasveC :m inaioj.ted ti;; tae aL^v® ©tititi'liait , t *v 
A i-it^ii I n i t i a l arf l i i i ty of a lco t i ro i'or the b^jeo 
caturattid D^ ^ t e ^ V1B#^ oa^ iduu , wMlvii^ oaltitiia wiC. Ijarltim 
i l l i t e e Wfifi .'iit'o obstrvrJ bul tJic a:'wU. t;iy.n Joioc; a.. eaji.-Gd 
weaker, ao tii',1 catvlote adoo-.\1J.on o.. Jilcotlii^ fiiC iiot t*^ ^^ .^-
a t any ata^-e, ^ L O t :C iX-st lnilescti--a i a the afisor, t ioa 
2t1 
loot lyn^ G cooj^ Ei'cii at; c u-ssih iouor VL I^VC* 2UC C^'OJ-J .•Sitsa wt 
©aturctJcC C27Dtcn3 ap-ioarcfi to bo atio to nca^-atrollaMli'vy o2 
psQtoiM i s baao oataralca iXXitca at M'Jion T^ I vc^uao if*$ cxiL'Q 
/-> 
Id licg^ oo^  S^aooy oatJ Slioapcam oa the cylcori-tioa Qt teicslaco 
i a i^ tjQlc ce3.ao» Sa cacila:^ tji^ ia the iai-oracticao oC coco 
os.»C'~'i^ o l»3t:GC Li.til Ijlio csrdiaacocljlo oalisno da tjcatsnitcc i t 
x j l Y-* '^^  i- ^ ^ J^IJUJU. 
CHv-CH^ 
ttu^ 
. . • (3^ 
asiH pc^tlj? <5uo to tlio oa^i3lt|r o^ tlio liloot^o to doLorb tntn? 
1 I 




- C V l , 
illi'h-vMOH • • • V V 
SSic poouibilitit,® or t:i:-ii oaoi?Ma.'ilIttji.L' mv. T)x*o";;j2i ti.M'ie '^,-i's ia 
Zi2 
4 C « / • Mff 
olay cyoteao have aloo *j©ca atlvoocitca ^y sovertO. uorI:ci*®;''»^* ' 
2hat 0«o!i reaoticsiQ oecuerea Touml co:irte3atioa in tacse 
viao oiimt^tm (5) oaa (4) ffctvooi4voly# 
la o i l t:io ccicoc ouJiJtiCc '^oa al50i7'0» ao t:io i a i t i o l 
aoTictioao of 1 to 2 ouoloo lu tko coooatj o£? alcot:lao ai^ oL-ycfl 
not;! uQtiVD oitati o« i l i i tco» wjioli eaul^ "'. oi" ccdO, aat feo 
plateau, u-iiicii was cir.ito subctimtlol, wiio iaSicativc o^ tlm 
1'04'oation or a *:voli curraoG or f:arr«0V'. on titc i l i i t e Isi^'ara 
al'tcx- tiic 111,.11 t.'ixor„y bar -ica? fOx' In i t i a l aaeorjitiai had 
be 01* avoscoi:.c li^  nicotliie iaolcattieo# 
fhc ot^ csi? ©r^ 'Gotc w.io!i aluO secaoi^ , tw ^rodDiiiiiiatu iii 
trdo co;.c©r4tr,..tioii raii^t; a:) e4irea t^ a lie Cl) tli© diifXuA/Xaa ef 
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the nlcotiiic aoleculcK £rom tli© IntQi'^l CTcr.oo to Intorlcittice 
pocitloas taifi rcactlca ^ t i i iatcrlattitjo ]^ teos!g?3.o ac Collouci 
1 \ 
-CH C M L 
t^  Y uUo^^^^^) 
^r^^ y • . * (5) 
N 
^ 
3Ptt..'thei? «vM0'tC0 Tor "m o^ of t*e ajcvc l-itc^MCti^  .^jc t^ tJX: 
obtained b;^  dirfsreatlal tlitiraal imal^'Tln* Xt A'C Ijcca 
to a QlB^ ourXice 'by cittaical braids# 4t te*'is »otai> e£ to a 
omfJdoiojitlif hic> tcnrjcrat.'xo* •' Uua to etrwcturol ai*..erc ^ cos^ *'*' 
the alc;9tlnlui£ lau^ To-•:(«*! vi e ejiiiatloxic- 3 and 5 nouJUI not m 
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CO ao..ccc!it)lo to osidati(si ao tlio icn:, £*ori-dl vide © u^oi-
tioaa 1» 2, 4 aaa 6» Ueaco i f olioxalaoX toojifc \;oro iaTOl^ c<l 
l a t^o iutcractloaop co vicualiixd aiicvof aicotteo «ouM tso 
bca<2o cn^ t,jxit ill tiio iotcrlatliicoD tiOi:zc Cio Icfst to wndesip 
dcooiJpoiJitioa* Uith tiiio cad in via: it VCD coBoieoTOd %n3^th^ 
uliilo to tovcotiijato tijo iotorcotioa of aieotino tiitli Ml l to 
A s?ororoaco to rictac 22 otiot^ cQ oa culJasocS eadotMr-
tho S*A otastrc oi" siicotlao ts?oatc<l Allito* Sio dooDca? cii^«» 
thordc cf.:cct a t ISO C ap..oc^ca to bo CXLQ to tlio reao'^al ©£" 
o 
3lJ3^oiodlIy oficorliaa aicotiao. the ©zoCiosaaie poo!: at 210 0 
€iio to accoa,*o::iti wn of ciootiniuQ i l i i t o at t^o ca.,co osfi 
c 
ccmorc t: illc t!ic oao at 4C9 C duo to dcooni^ OwitA'^ ri oi^  l a te r -
o 
iQt-ioo nicotiaiuD iouo. 21io cmCotwOssiio o*Jcet at G20 C iiao 
ror til fatcr iocw AII i l i l t c . to iatoKCctiac ofeccrTctiosi ^az 
l^sovl'loik &y a coDparatiw ctti<ly o£ tlic rooitna aaCI isiootMo 
OQtwiratcd B2A e* i^vcc» 5uio a^ *„oai?cnco o::' oi:otue«ijlc %tJdfe0 ia 
tiio r©,,i„!i aeirolC of tJKia i:i ooaiua ©atsaratoCi i l i l t c w^' 
ii:aioc.tlvc o£ tlio dicalcal s?oactiuiis tliat liaS occurrec l*©t'.vucii 
tliQ ooaitia oi£^ Qkifi niootlaot to ^i^o cou^ae^ ioac vitio 
oquatioiso c^von atove. 
la olX tlic oyotcstrj co:joia©rc<l above i t was aoticed 
that as tlm coaoeBtratitaa of alcotXae lao-^ eai-Gup tl^e pii aleo 
lacreasea (Fl^ m*© 16) and K4 molecuj-ar wliioh cjave aa indioation 
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Moorption or i^cotlno t^ y aoid oad hsme oat»2.'at($S i l l t too at 
Sa:2pl© , 
' 
. r^  
ny' • • • • • • " • • ' • - " 1 %'" 
i I ^ i 2 i l l l } * i M o u a t 1^ 1 "1"" '" QJlQOr-'f(^Vl&l&'» t 
•riuQ loacorl}* iDcd 
•Qo/ » • 
f X i t r o 1 1 
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1 o H-illitc 
2x Al-Hlltc 
3 o Ba-lllite 
A A Co-illite 
5ANH4 - i l l i te 
6 0Na- i l l i tc 
5 6 7 
PH of thc suspension 
Fig. 23 Effect of PH on the adsorpt ion of nicotine by 
acid and base saturated illites 
ziS 
of tho extent or a€ooir„ tion ot nicotine iii l l l i t o oc co£ay;a?ed 
to i to aoleoalor fora la cuc^cacloa acCw.'ea3cfl (2abl.o IiI.^S)» 
2ho oTfeot of tho oaoimt OA tho aieotiizc Q c^oi?t»c(i oa pI2 o* 
tlio (MOudv^ioB io ^itrcn vM© Flfji^ J:'© 23* M caEaolnatijB ©:; tiio 
correla'Clou ooofflcicnto between t!ic ;,:c:.'0Cota(jO o^ aiootlao 
aacoribcfl end dl of tlio o^ulliteiiKi cunpoacloa iaaictitca tUat 
at 5J^  iovcl of oiijai^icoBco oafl 15 il€C2?0Ga of ^zroodoa o c*>o^  
corrolotioa oslctofl t)ctL*oca j?Ii onQ 5croca:itQ:^ o o« alcotlao 
aacor»>c4 In caco of aciS catuiratc0 oyotciio co uolX OD oodliaa 
l l l i t o* 
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Slio inn iss^oncio tm^tmXaa. on olayi: cm. ho oado 
tlioraofi^masiCQlly oanot I t tSio tiiorooayaaialc pasanotero 
involvcfl la tiio oyotca osro ©vduatca uitii tlie tjolp of 
OKyerlODntal data. EX»cayo6t Kurau cma BalJcoclr Mv© 
oMaincfl tho osc^oaco ooaotoato for t2io eoypQi?(22)«CQloiuB 
osoliQUGO oyotca oa t^on^nito oloy uoiac ^^o thoinsjflyaQOio 
forcuslatlca oi* lea osclsoaco oqiullilirlai £loirolopcfl by 
Arcc*?wtoc©s? oa^ la ter ca D^ ; Ga&no oad Slioino**' SSicy IiavOp 
ijouovcfff uocd tlio oyoteo involving t2io oatioijo Jiairiaij tao 
ooco valcaey aaS t^ io oaao loa oiEO ^.asanotcs CCi»(n)* 
Ca(21))t 03 tiiat ttiu coii'cotloa for ealtaticm profca-'caco uao 
not 03aGiQorofi» U*© Imve taken the cyDtco eot)a3.t(II)-coai"an 
(m&$ taorororct ootivitiy coerrieiontG ifercaco obtoiiiCiS to tolio 
into account tlio eolution psoSercncQm^*^ 
She olay oinorol uoea in tlias® invcotitatio^o wao 
iBoutsiorllI:>nitet oolXootoil hj £r«I^alpli «?«<i0&€0 otid vcrliied 
imOfir hie direction in the mlneralocioal Xaboratoricc. or 
tiie Colimbla OnlYoreity by ooi&xmriQon v;lth tae or l^ l i i^ 
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saffipXes from Jmori, Mlseisaipl . I t was a fflonomlnerolie 
sample of tlio Anericoa Potroloum I n s t i t u t e ' s I^o^ect lfo«49» 
Ihe eaaplo was ot^toinefl from Irardo Saturai Scionce ^ta l^ l ieh* 
moAt»X&c*» Roclieoter»II.S.A. I t was lavokcn up in a mortar 
uoing a rubber covered pootle . The organic matter rma 
OKiaioed with hydrogen peroxide and the mlatturo diluted i/ith 
d l s t l l l o e ^atox, ®x© ^ £ ^ v»ao thoa dlsfceroM bjr e l e c t r i c a l 
s t i r r inQ, ^ e suepeneion obtained was paoced tiirou£;l» slieete 
of ^atmonn f i l t e r paper f i t t e d in the bowl of ^^International 
Chemical*' ooitrifuce a t a opeed of 3500 rpm to reoov© any 
coaroo matter, Tho ouoponoion eonoiotod of ^Z/U clay 
partioloo* 
She Clay suoi^enoion wae tlion treated witli ooditua 
oliloride and di lute hydroc^ilorio acid t i l l tlie concentration 
of tho oupernatent l iquid was 2H witti reo^cot to Lodiu*-
ohloride and O.III ^i th rcapect to hydrochloric ac id . !Ehe 
mixture was shaken for half an hour af ter which tho euperna* 
tent acid s a l t solution wxa removed £rom tho clay euspeaoion 
by decantation, Ihio treatment was repeated tl\ree time© and 
the sodium clay euopension then freed from ciiloride iono t i l l 
the clay diopereed and t i l l the conductivity of the euopenoion 
wae of the eame order as that of d io t i l l ed water 10"^ aihoB/om. 
She auspenoion was stored in pyrez c^ascwa. e and used wu«& 
required, jbe pH of the suspenciion was adjusted by d i lu t s 
220 
HisO- to Q valm© or 4 #0 to Qcioh oaoo. 
5Sio ccaocatratl<m o^ t£io cuopcujioa uooa Tor esicriuuito 
Z34? ^0tc2?ailsUnG t*ic t?oi^t ©A tlio rcoMuc* 
4 ^ CoflitiQ c i t ra te , 2il IIGi, Hi COl, 211 nG0U» SOP U^O^J, 
1«Qitroc0«"2*»aa2Jlit!iolt C*ljlor^roi:at f s^ ColsaXt eitratQ» SoQima 
Gat' Go^aat ctasi£!Q5?Cls» 
221 
Sol© ool)alt(ZI)*c'jflitm ©xcli3S,^ o ©spoi^iccmto t,02X5 ccsr^ioQ 
out by tckiae 10*0 oX of tlio codiua QoatmosilXonitQ oXasr cucpen» 
oicm ia otop|fe5?cd toot t«bQ& (MQ oaQiaa vassrlnc coaoeat^atic^ao 
n 
of -—- oolJQlt ni t rate coltitlcc aafi aa^iiating tlio misturo to a 
250 
conotoat ^mXuoe ^y a^Siac; ^at i lXca tmter* Bio tul)oo were 
rit^ca oa a xntQv batfa at 40 ;^  1 C la tSio Tlx-at; oot of csiioi.'i-' 
Qoato cma (50 j ^ t C la tlio eooonS oot Q£ ozi>oL'locnto aac2 oIicLoa 
for oBo tjoas? ia oecli cno©. S^o ointiiroo uero tslicn ccatrl£i\;ca 
icnoaiGtoly oafl tho ooQlaai ond cobalt in t^o oapormtcnt llqoiCo 
tJoro cotlcatoa* 2ho ooaitaa tias eotieatoQ l>y Ilosi© pfeotoa«t«sr 
not:iaa cuC. cobalt opcctropliotonotrlccslly by 1-iJlti?ooo»2-
aaiilitliol GO colour roaocat u^lat, i^ i^uocli ctiiG Sonls o;.)Ootroiilc 20 
a t 530 cm. atoaCora earveo for oodluB aasl cobalt i;9i'0 ia'0i,crc4 
iii tiio r.'ja{;©o of 0 to 5 pi>a for cotllma oM 0 to ?0 pjEi for 
ool)Qlt» Vie© figure 241 CUJVCO 1 ckitl 2, Sho conecntratloA of 
Bodium per tOD ^ of olojr in equUibrliaa SUE penal ^ a and Q€^« of 
sotilum lef t in the clay were taen oaloalated* Slallorly cobalt 
loft in tho ociuilibriuia Guo i^onoion in msti* per 100 ija oltjy and 
me^* of cobilt aasorucQ ;;ci' 100 0a olay wore doterulaed. '*iie 
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^titoiM,ffla M, QQiilm M SXm^. sk^tmuUM. mi^M, iant&Q, miiQj:r 
o 
Ooaooatration of tho cletjr <» 0«Od?l» c ^ / 1 0 oil 
VoiuD© o£ tho cttopcnoion tdkai « 10.0 m3t 
ffiotaX voltSDo of tlio cttOi;em)lon enfl© • Z^mO wl 
flaEj© pliotoEStca? • Heq*©^ 0&/tOO {y& • KOJI. ©^  Ha 

































Imsi tiy naao laiotQBQtric Bct»K>j 
,9.LJ^^UMM ?,Bgf^gj>flanft1tJ,ft,„.fl.» 
Coacoitratica Q£ tko olcgr 
Voliaa© Qi' thG cuopoacioa ta^oa 
2otol volmm oX tlio ctiB|?on)slon aaao 
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n Voliaao oi^  i^^^— •Hot.or cotoalt •Cobalt Xoft ia • 
250 oacod/lOO 0E »tlic dtuiXlljrliia* 
0o1ialt nitrato • cloy *out)pcji.ioa la • 













































*ba * ^Co -^  ^Co * ^ua • . . ( 1 ) , 
the G^wivsalcat cation ratloo of «>ba3it i» tUo dcj? catl la 
oolutlctB tjoinj iofiaca as 
J^ ^ = pwyiw oaQ X« O > •*• • • « V 2 #» 
^ " (Jo (Jo 
vhevo OQ mi.(L 0« ore tlio equivalent oonocntratitn of cobalt 
la ooliatlsa oad tJio total olectrolj*te ooaceatratloa 2^eupcetivo-
ly , CQJJ csiil Oo asro tho entilvolcat coaocatratioa of coljalt c£»<l 
tbo total oloctrolyto coijocntyatiun la tlio oloy pliac©# mullor 
notatloa ii-^ ij ticca Gaoi?tc<3 fos* oo4i«ia» 2hcoo etuHl^dtaa 
























i Golution at 40 C 
Ci;C (Ca ««* *ia)* 























































CilC (Ca • Ha) 































0 . ? ^ 
0.749 
0.721 
tfecGG resultc tij© oxcliaac;© icothorcD were teavja vitio ri^uro £5. 
^om thQ ficuro i t wao quito oleui.' %iat botli at 40 0 aaQ 60 0 
ca!}aXt(XI) iano voro preferably a&oor^ oS l3y tlio OICGT* SMO 
a7), aarea to l)c «3iue to -tiio hl^er cJiaTGO ©a tho oo^^ltClI) loao. 
Ih© oelcctlvity quotiant Ko wao oalcolated frca tlie 
forsiala 
, ^00 \ / % a r i r a , , , 
Kc o( , I ( = ^ ) . . . ( 3 ) 
wheree Y was the Ion aotivlty eoer^'ielcnt. It was ealoalcited 









o Set for A0°C 
• Set for 60®C 
0.2 
0.1 
0.0 0.1 0.2 0.3 O.A 0.5 
XCo 
Fig. 25 Exchange isotherms for cobalt aquo ion 
0.6 0.7 0.8 0.9 1.0 
228 
tho aololity of the oolutioa* She thoriao^fiaoio easclicr^e 
co&otaat K vtoja then oaloulatcd hyt 
/
I at 
Xo Ko fiX^^ • . • C 4 ) 
She intoca?Qi tmo evoluatcjQ Oija^icoaiy hj? plottia^ los 
Eo ?o, X^ (Plcuro 26). 2ho ai?ca la^cs? tlio QUL'VQ UQQ obtaiaoG 
hy applyinc tho tarapeBoiaol ruXo. 
o 
Saio otaaflord txoQ oacrcy A© 0^2? reactloa (1) was 
tlioa oaloulato^l hy 
^ 0 * » - n S l n K • • • ( 5 ) 
am. tho stcaaoapa' oathali^ ohoo^o A B ^ao ohtolacia .t)y tho 
Voa't iloff oquatlMa to hoMi 
5?2 \ An / t 1 \ 
f inal ly, the «tandard entroi^ change / \ a wao oaloulated f^ om 
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a z A l i g r a r b - i i a l a j o k b a n 
;?. SINGH is J. P. SINGHAL 
Aligarhi M uzulm an E g y e t e m, M us z aki d s Technoldqiai K ar, 
M u s zaki K e m iai Laboratorium, Ali g ar h, U. PI (I n d i a) 
Az utolso ket evtizedben a nyomelemkutatas igen jelentosse valt. Be-
bizonyosodott, bogy ezeknek az elemeknek fontos szerepe vaji a novenyek, 
valamint az allatok elettevekenys6geben ^s hogy akar a hianyuk, ak4r a tul-
adagolasuk szamottevoen befolyasolja a novenyek termeset, illetve az allatok 
egeszseget. Az Ut tar Pradeshben fekvo Aligarh korzet teriilete felmil]i6 hektar, 
nagy foldsavok melyfekvesu, rossz drenviszonyu, gyengentermo sos es alkalikus 
szikesek. 
Az i t t levo talajokat 6 tipusba soroltak be [22]. Legtobbnyire illit-
tartalmiiak, atoresztokepessegiik rossz, mechanikai osszeteteluk es pH-juk 
kiilonbozo. Az idojaras aszalyos es mersekelten aszalyos, az, evi csapadek 
500 — 600 mm. Az ontozes fokeppen csokutakbol es csatornakbol tortenik. 
A korzet fotermenyei a buza, bajra es jowar. A korzetnek a mezogazdasdg 
belterjesitesi programjaban jatszott fontos szerepe miat t hasznosnak it^ltijk 
a talajok szelvenyeben nehany nyomelem, igy a b6r, kobalt, rez es vas eloszla-
sanak a vizsgalalat es e kozott, valamint a talajkepz6, illetve'kornyezeti te-
nyezok k5zott az esetleges osszefiiggdsek kutatasat. 
Kiserleti resz 
A talajok szelvenymintait a korzet talajt^rkepe alapjan [22] a reprezen-
tativ.teriileteken 182 cm melysegig gyujlottiik be. A pH-t, valamint az elektro-
mos, vezetokepesseget 1 : 5 aranyu vizes szuszpenzioban, a talajok agyag- es 
mesztartalmat a szokasos modszerekkel mdrtiik. A baziskicserc^lo k^pesseget 
GANGULI modszercvel [6] hataroztuk meg. A bortartalom merese BBRGBR 
es Tnuoa [2] szerint keszitett vizes kivonatban D I B L E es munkatarsai [5] 
kolorimetrikus modszerevel kurkumin-oxdlsavas reagens segits^gevel 550 mjW-
nel tortdnt. Az osszes kobalt tartalmat perklorsavas kezele's utan 1 nitrozo-2-
naftollal kepezett szin alapjan [18] hataroztuk meg. Az osszes-, valamint fel-
veheto reztartalmanak a vizsgalata CHENG es BEAY [3] karbamatos eljarasa-
val tortent, az osszes rezet a perklorsavas felt4ras ut4n [8], a felveheto rezet 
semleges amm6nium citratos kivonatban hataroztuk meg. Az osszes vas 
kivon^sa savanyu (3-as pH-jii) normal ammonium acetat oldattal tortent, 
kolorimetrikus meghatarozasa pedig o-fenantrolin reagenssel [19]. 
Az erodm6nyekot az 1. t4bl4zatban foglaltuk ossze. 
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Az eredmenyek ertekelese 
Az 1. tablazatban a 6 szelveny pH, elektromosvezetokepesseg, valamint 
kalciumkartonat-tartalmanak adatai szerint az Aligarh talajok tobbnyire 
SOS es meszes szikesek. A III . , V. es VI. szelvenyben lefele a CaCOg-tartalom 
novekszik, mig az I., I I . 4s TV. szelvenyben csokken. Kiilonosen meszes es el-
ezikesedett a I I I . szelv^nnyel jellemezett talajtipus. A talaj val6szinuleg meszes 
alliiviumon alakult ki, ez okozza nagy mesztartalmat. A talajok fizikai saja-
tossagaik szerint agyagtol homokos valyogig valtakozoak. 
A 2. tablazatban lathato, hogy a talajok vizben oldhato b6rtartalma 
0,60—11,48 mg/kg kozott v41takozik, az atlagos ertek a korzetben 4,5 mg/kg. 
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2. tdbldzat 



















































































































































































R E E V E S es munkatarsai szerint vizben oldhato bortartalomban a normalis es 
a hianyos ellatottsagii talajok kozott 0,35 mg/kg a hatarertek, mig RICHARDS 
[4] szerint 0,70 mg/kg alatti ertekek meg a borra erzekony novenyekre sem 
karosak, 0,70—1,05 mg/kg kozott van az atmenet, mig 1,50 mg/kg-nal nagyobb 
B-tomenysegek mar karosak lehetnek. Ezt az oszt41yozast elfogadva a vizsgdlt 
talajokban a vizben oldhato bor erteke inkabb a magasabb haiarertekhez 
van kozelebb. 
Az egyes talaj tipusok vidokerol a kutakbol vett vizmintak elemzesi 
eredmenyei a 3. tablazatban Mtliatok. Valoszinuleg a vizeknek gyakran a biz-
tonsagos szintnel is nagyobb bortartalma a forrasa a talajok borgazdagsaganak. 
Kiilonosen nagy a b6rtartalma az I., I I I . , es IV. szelvenyeknek. ifirdekes, 
hogy eppen ezeknek a szelvenyeknek kicsi az ateresztokepessege. Az I. es IV. 
szelvenyben szemben, a tobbivel, lefel6 altaldban csokken a talaj bortartalma. 
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3. tdbldzat 


















































A talajok pH-ja es B-tartalma kozott nem volt osszefiigges (/•=—0,0001),. 
ahogy ezt PALIWAL es ANJANEYULU [15] Delhi-i, valamint MATHUR es munka-
tarsai [11] nem ontozott Rajastan-i talajokon megfigyeltek, ugyanakkor 
ellentetben KANWAR es SINGH [20] eszleleseivel. Nem talaltunk osszefiiggest 
a talajok elektromos vezetokepessege es bortartalma kozott sem (r = —0,002). 
A bortartalomnak valtozasa a v4rakozasnak megfeleloen szignifikdns negativ 
osszefiiggesben van a kationkicser61o kepesseggel (r = —0,41), a vizben old-
hato bortartalom, valamint a CaCOg-tartalom kozott viszont szignifik4ns pozi-
tiv osszefiiggest talaltunk. Ez osszhangban van MATHUB-ek mdr idezett ra-
jasthani vizsgalataival. Lehetseges,hogy akalciumkarbonat az Aligarh-i talaj-
szelvenyekben a bor nagymerteku felhalmozodasat eloidezo masik tenyezo. 
GEBWAL 6S munkatarsai [7] viszont a talajok felveheto bortartalma eskal-
ciumkarbonat-tartalma kozott nem talaltak szignifikans osszefiiggest. Ezek-
nek a talajoknak a nagy bortartalma felveti az erzekeny ndvenyek bormergezes 
ellen valo megvedesenek a problemajat, a mergezesnek a tiinetei, mint a tor-
pes^g, a levelek perzselodese gyakran lathatok a korzet novenyein. iJgy talal- ' 
tak azonban, hogy a felig ellenallo novenyek, mint a buza vagy az arpa, a bor-
drtalmat elviselik. 
A talajok osszes kobalt-tartalma valamennyi szelvenyre 3—64 mg/kg 
talaj kozott valtozik, az atlag 21,21 mg/kg. A felszinmenti retegbol vett min-
tak eseteben a sz61s6 ert^kek 3 cs 42 mg/kg, az atlag pedig 19,33 mg/kg. SINGH 
^s SINGH [21] Ut tar Pradesli-i talajokban 4,6'—29,]. mg/kg kozotti osszes kobalt 
tartalmakat talaltak. WALSH es munkatarsai szerint 2,5 mg/kg-on aluli 
kobalttartalmak a noveny novekedese, valamint az allatok tapl41koz&sa szem-
pontjabol mar eros hianyt jelentenek, 2,5 es 5 mg/kg kozotti tartalmak esete-
ben a Many mersekelt, mig 5,0 mg/kg felett a kobaltelldtottedg kielegito. 
A talajok kobalt szintje, teh4t jelentosen a hidnyos allapot felett van, 6a a kor-
zetben termesztett novenyek szamara nines kobaltadagol4sra sziiks^g. Az I. 
szelvenyt kiveve, ahol lefele az osszes kobalttartalom csokken, a melysegbeni 
eloszlasban semmi kiilonosebb szab41yszerusdget nem talaltunk. A II . , V. 
68 VI. szelveny melyebb szintjeiben, valamint az I. es I I I . szelveny legfelso 
szintjdben nagymervfl kobalt felhalmoz6d4s tapasztalhat6. Tortenetesen az I. 
6B I I I . szelvenyek atj4rhat6s%a csekely. A kobalt es a talajtulajdonsdgok ko-
zotti osszefiiggeseket vizsg41va (4. t4blazat) meg411apithat6, hogy az osszes 
kobalttartalom szignifikdns korrelaci6ban van a talaj kalciumkarbon^ttartal-
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4, tdbldzat 
A talajok fiziko-kemiai tulajdonsagai 6a az egyes nyomelemek 
koncentr&cioja koziitti korrelaci6k egyutthat6i 
(1) 
Nyomelom 
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maval, valamint kationkicEerelo kepessegevel, mig a pH-val es az elektromos 
vezet6kepess6ggel nem mutat ilyen osszefiiggest. Az eredmenyek a kalcium-
karbonat vonatkozasaban BODDIE, a p H vonatkozasaban pedig R B D D Y es 
MEHTA [17] megfigyel^seivel osazevagnak, mig SINGH es SINGH [21] eszlelesei-
vel ellenkeznek.A 3. tablazatban lathato ontozoviz elemzeseket figyelembe veve 
megdllapithato, hogy a talajok kobaltell4tasa nines az ontozovizzel ossze-
fiiggesben. 
1. dbra 
Aligarh talajterkepe, 1. Ganga v&lyogos homok. Aligarh korzet; 2. v41yog, 3. agyagos 
v&lyog, 4. homokos v4Iyog. Yamuna videke: 5. iszapos agyagos v&Iyog, 6. homokoa 
v&lyog. 
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Az osszes reztartalom valamennyi szelvenyminta atlagaban 48,87 mg/ 
kg (a szelso ertekek 31,00—62,01) a legfelso szint mintaiban pedig atlagosan 
46,14 mg/kg (33,59—48,81). A felveheto reztartalomra a megfelelo ertekek 
1,07 (0—4,50), illetve 1,17 (0,25 — 2,25). A 2. tablazatban az is lathato, hogy 
az osszes reztartalomnak atlagosan osak mintegy 2%-a felveheto. Ennek 
oka az lehet, hogy nines a talajokban egy olyan oldhat6 anyag, amely a rezet 
komplex kot^sbe vinne. A novenyek rczsziikseglete termesztett novenyenkent 
mas es mds. LUNBBALD es munkatarsai [10] az osszes reztartalom hatarertdkct 
7,0 mg/ kg-nal vontak meg, mig P I P E R [16] a felveheto reztartalom hatarerte-
k6re0,5 mg/kg-t javasolja. Ezeketfigyelembe veve osszes rezben egyik talajunk 
semszenved hianyt, migfelvehetSrezbentalajaink 15%-a nem felel meg ako-
vetelmenyeknek.EzekazI. es I I . tipushoz tartozo talajok lin. , ,khadar" vide-
ken vannak. A reztartalom szignifikans korrelacioban volt a talaj kationki-
cserelo kepessegevel (felveheto rezre a r = 0,510, mig az osszes reztartalomra 
r = 0,788), mig nem volt kimutathato korrelaciojuk a talaj pH-javal, elektro-
mos vezetokepessegevel es %-s kalciumkarbonat tartalmaval. A klilonbozo 
szerzok [1, 9, 12, 13, 14] a talajok felveheto reztartalmat befolyasolo tenyezo-
ket tanulmanyozva ellentmondo eredmenyeket kaptak es igy nem lehet 
vegleges megallapitast tenni a talaj felveheto reztartalma es fizikokemiai 
tulajdonsagai kozott. A ,,khadar" videkeken a szervestragyakkal egyiitt adott 
reznek a termesztett novenyeknel kedvezo hat4sat tapasztalhatjuk. 
A talajok osszes vastartalma igen valtozo. A szelvcnybol vett valamennyi 
minta 4tlagaban a vastartalom 57,28 mg/kg volt (szelsoertekek 5 es 117), mig 
a legfelso szintbol vett mintakban 53,66. Ezekben a mintakban a tarolas soran 
bekovetkezo oxidacio miatt a ferro alakban levo vastartalmat pentosan nem 
allapithatjuk meg. Az elokiserletek szerint az osszes vas jelentSs resze ferri 
alakban, illetve osapadek formajaban van es igy a novenyek szamara nem 
felveheto. A vastartalom, valamint a talaj fiziko-kemiai tulajdonsagai kozotti 
korrelaoiot vizsgalva megallapithato, hogy az egyes valtoz6k es a vastartalom 
kozott 5%-os valoszinusegi szinten nines korrelacio, bar lehet, hogy osszessegiik-
ben a talaj vasszintjet meghatarozzak. Ez egybevag azoknak a szerzoknek 
a megallapitdsaival, akik Punjab-i talajokon a vastartalomban nem talaltak 
kovetkezetesseget. 
A szerzdk koszonetet mondanak Siraj Mohd Khan-nak, a statisztikai sz&mit&sok 
elvegzeseert. . 
t 
O s s z e f o g l a l a s 
Az Aligarh-i korzet nehany jellegzetes talajszelvenyeben a mikrotap-
anyag tartalmat vizsgaltuk. A vizbenoldhat6 bor, a kobalt es az osszes rez 
mennyisege joval a korzetben termesztett novenyek sztJksegletei felett volt, 
es igy ezeknek nines .szliksegtik az emlitett elemek adagolasara. A ,,khadar" 
talajtipusok nehany szintje azonban felveheto rezben szegeny, es ezekben in-
dokolt a rezet komplexbevivo szerek alkalmazasa. 
Szignifikans pozitiv korrelaoiot talaltunk a vizben oldhato bor, valamint 
kalciumkarbondt-tartalom kozott, a kobalttartalomes a kationkicserelokepesseg 
valamint a kalciumkarbonat-tartalom kozott, illetoleg az osszes es felveheto rez, 
valamint a kationkicserelo kepesseg kozott. Ugyanezzel a bortartalom negativ 
korrelacioban van. A pH-val, valamint az elektromos vezetokcpesseggel a mik-
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roelemek mennyisege nem mutatot t szignifikans korrel^ciot. A talajokban, 
mint heterogen rendszerekben a kiilonbozo valtozok egyiittes hatasa befolya-
solja, minden bizonnyal, a vizsgalt mikrotapelemek felvehetoseget. 
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Distribution of Trace Elements in Aligarh Soils 
B. SING and J. P. SINGHAL 
AUgarh Muslim University Aligarh (India) 
Summary 
The micronutrient status of some typical soil profiles of Aligarh district has been 
examined. I t has been noticed that the water soluble boron, cobalt and total copper are 
well over the deficiency limit in the soils and no application of these nutrients is neces-
sary for managing the crops of the district. Available copper, however, shows deficiency 
in some layers of 'khadar' soil types I and VI and application of complex agents that 
can release copper is suggested. 
Significant positive correlations between water soluble boron and calcium carbo-
nate content, cobalt and cation exchange capacity as well as calcium carbonate, total 
and available copper and cation exchange capacity have been observed. Boron exhibits 
a negative correlation with cation exchange capacity. The values of correlation coefficients 
between the quantity of mioronutrients and pH and electrical conductivity are insignifi-
cant. An integrated effect of the various variables seems to effect the availability of these 
nutrients to crops on these heterogeneous soil systems. 
Table 1. Physico-chemical characteristics of the soils of Aligarh district. (I) Type. 
(2) Depth in cm. (3) Electric conductivity mmhos/cm. (4) C. E. C. me./lOO mg soils. 
Table <;. Trace element status of Aligarh soils, mg/1 kg soil. (1) Type. (2) Water 
soluble boron. (3) Total cobalt. Total and available Copper. (4) Total iron. 
Table S. Trace element status of the irrigation water of different soil types. (1) 
Soil type. (2) Mioronutrients, (3) Total and available copper. (4) Total iron. 
Table 4. Correlation coefficients between physicochenjical properties of the soil 
and the trace elements. (1) Mioronutrients: a) Water soolble boron, b) Total Co. c) Total 
Cu. d) availbale Cu. e) Total iron. (2) Electric conductivity, mmhos/cm. (3) C. E. C. 
me/100 g. 
Figure 1. Aligarh district. (1) Ganga loamy sand. (2) Aligarh loam. (3) Aligarh clay 
loam. (4) Aligarh sandy loam. (5) Yamuna silty clay loam. (6) Yamuna sandy loam. 
Die Mikronahrstoffverteilung in Boden des Kreises Aligarh 
B. SINGH und J. P. SINGHAL 
Muselmannisclie tJniversitat zu Aligarli (Indien) 
Zusammenfassung 
•In einigen charakteristischen Bodenprofilen des Kreises Aligarh wurde der Mikro-
nahrstoffgehalt bestimmt. Die Menge des Bors, Kobalts, sowie des gesamten Kupfers lag 
bedeutend fiber dem Bedarf der hier iiblichen Pflanzen, diese Elemente miissen also in 
Form von Diingern nicht gegoben werden. Einige Horizonte der ,,khadar"-Bodentypen 
sind aber an aufnehmbarem Kupfer arm, in dicsen Fallen ist die Zugabe von Kupferkom -
plex-Diingermitteln begriindet. 
Zwischen dem wasserloslichen Bor- und CaCOg-Gehalt, dem Kobaltgehalt und 
der Kationenaustauschkapazitat einerseits und dem CaCOj-Gehalt andrerseits, bzw. 
zwischen der gesamten und aufnehmbaren Cu-Menge und der Kationenaustauschkapazitat 
konnte cine signifikante positive Korrelation festgestellt werden. Der Borgehalt zeigte 
mit der Kationenaustauschkapazitat eine negative Korrelation. Die Menge der Mikro-
nahrstoffe zeigte keine signifikante Korrelation mit dem pH-Wert und der elektrischen 
Leitungs*'a!iigkeit. Die Aufnelimbarkeit der untersuchten Mikronahrstoffe wird in den 
Boden, welche als heterogene Systenne betrachtet werden miissen, aller Wahrschein-
Jichkeit nach durch die gjtneinsime Wirkung der versohiedenen Faktoren bestimmt. 
Tab. 1. Phvsikalisch-chotnische Eigensohaften der Boden im Kreise Aligarh. (1) 
Bodentyp. (2) Tiefe in cm. (3) Elektrisohe Leitungsfahigkeit, mmhos/cm. (4) T-Wert, 
mamvol,/100 g. 
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Tab. 2. Mikronahrstoffgehalt der Boden des Kreises Aligarh, mg/1 kg Boden. (1) 
Bodentyp. (2) Wasserlosliohos Bor. (3) Gesamtes Co. (4) Gesamtes und auftiehmbares 
Cu. (5) Gesatntos Eisen. 
Tab. 3. Mikronahrstoffgehalt des Bewasserungswassers auf verschiedenen Bodenty-
pen. (1) Bodentyp. (2) Mikronahrstoffo. (3) Gesamtes Eisen. 
Tab. 4. Korrolationskoeffizienten zwischen den physikalisch-ohemischen Eigen-
schaften der Boden und der Konzentration einiger Mikronahrstoffe. (1) Mikronahrstoff. 
(2) Elektrische Leitungsfahigkeit, mmhos/cm. (3) T-Wert, mvaI/100 g. 
Abb. 1. Bodcnkarte von Aligirh. 1. Ganga, lehmiger Sand. Kreis Aligarh: 2. 
Lehm. 3. toniger Lehm. 4. sandiger Lehm. Gegeiid von Yannuna: 5. schlanamiger toniger 
Lehra. 6. sandiger Lehm. 
HayMCHHe pacnpeACJiCHHji MHKpoajicMeHTOB B HenoTopbix xapaKxepHbix 
nouBax npOBHHqHH Ajinrapx 
P. CMHr u E. n. CMHrAJI 
AjiHrapxacKMi^ MycyJibMaHCKnit yHHoepCHxeT, TexHuqecKHH H TexHOJiorMMecKHtt OaKyjibTCT, 
ilaO'opaTopHH TexKMqcCKOH XHJUHH, AjTHrapx, y . n . (MHAHJT) 
P e3K) M e 
B HCKOTopbix, xapaKTepHbix fljiH npoBHHUHH AjiHrapx, noHBeanbix paapcsax onpeftejiji-
jiocb coAepwanHC MHKpo3JieMeHTOB. CoAep>KaHne B HOMBIX BOflHOpacTBopHMOro 6opa, KoSajibxa 
H o6meii MCAH npcBbimajia norpeSHOCTb B HHX pacTCHHii, BbipainHBieMbix Ha STOM TeppHTopHH, 
noaroMy HCT HaaoSHOCTH sHocHTb B noMsy BbiiueHasBiHHbie MHKpoajieMeHTw. HeKoropbie ropw-
30HTbi noqB <(Kxaflap» 5eAHbi MCflbio, nosTOiviy Sflecb oSocHOBauo BHtceHHe B noMsy coeflHHeHHii 
MeflH. 
OTMeieHa nonoKHTejibnaji flocTOBepHaji Koppejiaun5i Me>Kfly coAepwaHHCM BOAHO-
pacTBopHMoro 6opa H KapSoHaroB Kajibuna, MOKAy coAtp>KaHncM KoOajibxa H xapaKTepoM 
KaTHOHHoro oGMena, a raKwe coAepwaHHCM KapSoHaxoB KanbuHji, Kpoivie roro memny coAcp-
waHHCM oSmcH H ycBojieivioH mem H xapaKxepoM KaTwoHHoro oSivieHa. CoAep>KaHi-ie 6opa 
HaXOAHTCH B OTpHHareJlbHOH SaBHCHMOCTH CO BCeiMH BbimenepeMHCJICHHblMH CBOilCTBaMH. 
H e HaSjllOAaAOCb AOCXOBepHOil S I B H C H M O C T H MOKAy KOJlHHeCTBOM MHKp33JieMeHT0B, p H H 
3JieKTpOnp0B0AH0CTblO. 
B noHBHx, KaK B rereporenHbix CHCTemax, no BceH BspojiTHOCTH ycBOHCMOCTb Hsynae-
MblX MHKp03;ieMeHT0B HSMeHHCTCJI nOA BAHHHHCM COBMeCTHOPO ACHCTBHJI paSJlHHHblX HSMeHa-
(omMxca $aKTopoB. 
TadA. 1. <t>H3HK0-XHMHMecKHe CBoHcTBa noMB B pafloHc AjiHrapxa. ( l )THn. (2) PjiyGHHa B 
CM. (3) 3jieKTp0np0B0AH0CTb M. OM • CM- ' . (4) BejlHqHHa <iTi> B MP. 3KP/100 r . 
Ta6A. 2. CoAepwaHHe MHKposjieMeHTOB B nOMBax pafioHa AjiHrapx B MF/I KF nOMBW. (1) 
THn. (2) BoAHOpacTBOpHMbifi Sop. (3) 06mH{i K06aJibT. (4) 06u(a;i H ycBoyiCMaji MCAb. (5) OSmce 
>KejlC30. 
Ta6A. 3. CoAep'.KiHvi2 MHKODSJiSMenroB B HOU'/JBHUK BOAHX Ha pasjiHiHUX noqBCHHbix 
THnax. (1) Tun noqBbi. (2) MHKpo3JieMeHTbi. (3) 05m;e WiJiiSD. 
Ta6A. 4. KoppejiauHOHHbie Koa^^iHUHeHTbi saBHCHMocTii Me>KAy ^HSHKO-XHMHICCKHMH 
CBOiiCTBlMH nOMB H K0HH3HTpmHH\11 OTAejIbHblX M''IKpD3neMeHT0B. (1) MMKp03JieMeHT. (2) 
3jieKTponpCBOAHOCTb B M- OM. C M - ' . (3) BcjiHMUHa «T» B Mr. 3:<B/100 r. 
Puc. 1. noMBCHHasi Kapra npoBHHUHH AjiHrapx. 1. FaHra; cynecb. PaKoH AnHrapxa: 
2. CyrjiHHOK. 3. Tjiwejiun cyrjiHHOK. 4. JlerKwii cyrAHHOK. PafioH HMyHa: 5. HAOBaTbiM rjiwe-
AbiH cyi-jiHuoK. 6. Cynecb. 
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O n t o z o v i K e l c 6H n i u t r d g r y d k b d r t a r t a l m a m i k 
h a t a s a a t e r m e s z t e t t n d v e n y e k r e 
a C h a m b a l - v i d c k c n 
B. L. DARRA, H. SINOH, R. S. MENDIRATTA es S. P. SETE 
Agrokemiai Laboratorium, K o I a, R a j a s t h a n, India 
A bor egyike azoknak a mikroelemeknek, amelyre az ut6bbi evtizedok-
ben nagy figyelmet forditottak. Fontossaganak az az oka, hogy az egyes 
termesztett novenyek optimalis novekedesehez elengedhetetleniil fontos, mas-
reszt azonban mar kis feleslegben is a levelek elhalasat, perzselodes^t es meg 
mas rendellenessegeket okoz a novenyekben. 
ScHOFiELD (1935), WILCOX (1949) es meg nehanyan ligy talaltak, hogy 
a talajok b6rtartalma 1,25 mg/kg felett a legtobb erzekeny novenyre kd-ros, 
1,25—2,5 mg/kg kozott a kozepesen erzekeny novenyekre is mergezo, mig 
2,5 mg/kg felett mar a legtobb termesztett novenyt bortureslik szerint tobbe-
kevesbe karositja. EATON [5] ezzel szemben hangsiilyozta, hogy az_ egyes no-
venyfajok borigenye es borturese igen ktilonbozo. 
Az egyes termesztett novenyfajok kiilonbozo klimaviszdnyok kozotti bor-
tures6r61, bor toxikussaganak a hatarertekerol, meg ma sincsenek pon-
tes adataink. Munkankban a Chambal-videken termesztett nehany novenyfaj, 
az oiitozoviz es az altalanosan hasznalt mutragyak bortartalmaval foglalkozunk. 
Anyagok es modszerek 
A muvelt talajok, kutak es csatornak ontozovize es nehany termesztett 
novenyfaj mintait a Chambal-videk kiilonbozo helysegeiben a monszun elotti, 
illetve utdni talajterkepezes soran gyujtottiik. A talajmintakat a megmilvelt 
tablakon 0 — 22,5 cm retegbol vettiik. Vizsgalat elott a talajmintakat levegon 
megszaritottuk. A vizmintakat nehany, a talajmintavetel kozeleben levo 
kiitbol gyxijtottiik. Ezenkiviil a kiilonbSzo evszakokban h korzetben termesz-
tet t egyszikfi es ketszikil novenyeket is megmintaztuk. A novenymintdkat 
desztilliilt vizben megmostuk, felaproztuk, 105 C fokon 24 oran at szaritottuk, 
majd kiilon-kiilon az elemzeshez elporitottuk. 
A talajmintak es vizmintak pH-jat elektromosan, a szerves szentartal-
mat ])edig Walkley es Black modszerevel hataroztuk meg. A vizmintak, vala-
mint a talajmintak es miitragy4k felveheto bortartalmanak meghatarozasa a 
RiCHAR])s-fele [4] karmin modszerrel tortenl A novenyek bortartalmat JACK-
SON fSJeloirasa szerint savasexti-aktban karmin modszerrel allapitottuk meg. 
Eredmenyek es azok megbeszelese 
Az elso tabl4zatban a kntakbcSl es csatornakbol szarmazo ontozovizek es 
a Chambal-teriilet megmvivolt talajainak pH-ja, szerves szon- ^s bortartalma 
